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DIFFERENTIAL MORTALITY BY SEX AND AGE AMONG 
MULE DEER’ 


W. Leslie Robinette, Jay S. Gashwiler, Jessop: B. Low, and Dale A. Jones 


US. Fish and Wildlife Service, Salt Lake City, Utah, Corvallis, Oregon, and Logan, Utah; and (Jone: : 
Utah State Fish and Game Department, Salt Lake City, Utah 


During the last few decades much atten- 
tion has been focused upon human mortality 
rates by sex for different age classes. Other 
mammals have received considerably less 
attention in this respect. A few writers— 
Cowan (1950), Green (1950), Taber and 
Dasmann (1954), Gerstell (1936), Banfield 
(1954), Tener (1954), and others—have 
discussed the subject as it pertains to big 
game. 

In this paper we have analyzed data col- 
lected from various sources to learn if dif- 
ferential mortality by sex occurs in different 
age groups of mule and black-tailed deer 
(Odocoileus hemionus ssp. ). 

The writers wish to thank all of those who 
have contributed previously unpublished 
data used in this paper. We are also in- 
debted to Dr. George H. Kelker for critically 
reviewing the manuscript. 


SEXUAL DIFFERENCES 
IN PRENATAL MORTALITY 


Various means have been employed by 
demographers in ascertaining if differential 
mortality in the sexes exists among human 
unborn young. The method most commonly 
used is a comparison of the sex ratio of abor- 
tions and stillbirths with the sex ratio of 
young born alive. With the lower forms of 
mammals, which can be sacrificed, sex ratios 
of fetuses may be determined at progressive 
periods of pregnancy. A significant increase 
or decrease of one sex in respect to the other 
would denote differential mortality. 

A number of writers have shown that with 
humans, particularly of western Europe, 
Canada, United States, and Australia, the 

1A contribution from the Utah cooperative big 
game, livestock and range relationship research 
project. 


sex ratio of babies born alive is about 105.5 
males per 100 females, whereas the ratio of 
abortions and stillbirths ranges from 120 to 
130 or even more males per 100 females 
(Strandskov and Bisaccia, 1949; Myers, 
1949; and others). Other workers (Tschu- 
prow, 1915 and Ciocco, 1938; quoted from 
Tietze, 1948) have presented data that gen- 
erally show an inverse relation between the 
proportion of males in prenatal losses and 
duration of pregnancy. 

A study by Chapman, Casida, and Cote 
(1938) of 2,044 fetuses from butchered 
cows showed that the percentage of males 
declined from 66 per cent in the youngest 
sexable group (126 individuals with a 
crown-rump measurement of 5-10 cm.) to a 
sex ratio that was almost even among 119 
animals in the 81- to 90-cm. group, indicat- 
ing a heavier loss of males during preg- 
nancy. 

We have not segregated sexed deer fe- 
tuses into similar size classes because we 
have measured only those fetuses from does 
for which the time of death was known, 
about half of the number examined. How- 
ever, segregation by month of death for the 
does accomplishes much the same purpose 
inasmuch as the majority of does in Utah ap- 
parently conceive within the period of a 
month and a half. Aging of fetuses (through 
reference to a growth curve modified from 
the one constructed by Cheatum and Mor- 
ton, 1946, for white-tails [Odocoileus vir- 
ginianus]| ) from 406 Utah does for which the 
dates of death were known showed that De- 
cember 1 was the mean breeding date. A 44- 
day span (November 10—December 23) 
contained 95 per cent of the calculated 
breeding dates. Thus if 95 per cent of the 
breeding occurs within a 44-day period and 
the mean breeding date is December 1, we 
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are reasonably safe in believing that the 
majority of fetuses from does dying in Feb- 
ruary, for example, are in their third month 
of pregnancy and so on. We have arbitrarily 
selected a 50-mm. crown-rump measure- 
ment (an age of about 50-55 days for white- 
tailed deer—Armstrong, 1950) as the divid- 


- ing point for fetuses that can be sexed 


grossly with accuracy and those that cannot. 
When the external genitalia first become 
visible, the position and size of the clitoris 
and penis are superficially very similar. 
However, as the fetuses approach 50 mm. in 
crown-rump measurement, the relative posi- 
tion of the genitalia in the two sexes dif- 
fers—primarily through a greater extension, 
anteriorly, of the male genitalia. For the 
crown-rump interval of 50-60 mm., it is rec- 
ommended that one have a sample of each 
sex available for comparative purposes in 
sexing additional fetuses. 

An indication of differential mortality by 
sex occurring throughout pregnancy can be 
gained by studying the changes in the fetal 
sex ratios together with the percentage rela- 
tionships of live fetuses to corpora lutea at 
progressive periods of pregnancy (Table 1). 


TABLE 1.— CORRELATION OF PRENATAL MORTALITY 
AND FETAL SEx RATIos AT DIFFERENT PERIODS OF 
PREGNANCY FOR MULE DEER IN UTAH! 








Month of Death Jan. Feb. Mar. Apr. May-Aug. 





Month of Pregnancy Total 
for Average Doe 2 3 4 5 6-7 
No. corpora lutea 207 159 600 241 74 1,281 
No. live fetuses 197 142 538 214 65 1,156 
Per cent (fetuses/c.1.) 95 89 90 89 88 90.2 
No. fetuses sexed 125 289 632 269 93 1,408 
No. males per 100 
females 108 109 106 110 111 108 





1Corpora lutea counts were not made for all does from 
which fetal-sex records were obtained. 


Prior to discussing data in Table 1, it 
would be well to mention that the number 
of corpora lutea and fetuses are only for 
does that showed evidence, either through 
the presence of live or dead fetuses, an en- 
larged uterus, or regressing pigmented cor- 
pora lutea, that they either were or had been 
currently pregnant. As such, the records do 
not reflect ovulation of does that were sub- 
sequently not bred and probably not of 
pregnancy failures of the first month fol- 
lowing conception (see Robinette, et al., 
1955). 


The percentages (fetuses/corpora luteg 
—Table 1) imply relatively heavy prenata] 
losses during the first 2 to 3 months of preg. 
nancy but relatively little after the thirq 
month when the percentages level off at 
close to 89 per cent. 

The proportion of male fetuses remains 
essentially the same from the second to the 
third month despite an apparent decline in 
the proportion of viable fetuses for the same 
period. Hence, these records do not support 
the contention of a heavier loss of males in 
utero. Some of our monthly samples are 
small, however; hence conclusions should 
be tentative. The 15 atrophic fetuses that 
we have sexed consisted of 8 males and 7 fe. 
males, likewise giving no indication of a dis. 
proportionate loss in the sexes because the 
ratio is nearly identical to that for normal 
fetuses, discussed later in this paper. How. 
ever, 19 normal fetuses from litters contain. 
ing an atrophic fetus have been sexed, giy- 
ing 6 males and 13 females. This is a ve 
small sample, but it does suggest a heavier 
loss of males. 


INFLUENCE OF NUTRITION 


Studies of humans and certain other 
mammals imply that the plane of nutrition 
may influence prenatal mortality and hence 
possibly the sex ratio of young at birth. 

Bernstein (1948) and Winston (1932, 

uoted by Bernstein, op.cit.) found that 
the proportion of male babies born to fam- 
ilies of the higher social strata both in Ger- 
many and in the United States was signifi- 
cantly higher than in the population as a 
whole. These authors believe the explana- 
tion lies in lowered prenatal losses because 
of the better maternal care, nutritional as 
well as medical, received by this group. 
Winston (op.cit.) further reports the sex 
ratio of children from families of European 
royalty as being 137:100, the highest sex 
ratio yet reported for any special social 
group. Again the reason is believed to lie in 
reduced prenatal losses resulting from the 
best of maternal care. 

Parkes (1924, quoted from Bernstein, op. 
cit.) found that the secondary sex ratio in 
mice would fall from 100 to as low as 60:100 
when he artificially increased the abortion 
rate by creating unfavorable environmental 
conditions. 

Davis (1951) reports that 48.6 per cent of 
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1,109 rats were males in a stationary popu- 
lation, 48 per cent of 380 in a decreasing 

opulation and 52 per cent of 645 in an in- 
creasing population. The differences were 
not statistically significant (at the 5 per cent 
level), but it is of interest that the only sam- 
ple showing a surplus of males was from the 
increasing population where studies re- 
vealed a higher survival of offspring and 
where presumably a more favorable balance 
of food prevailed. 

Baird (1945, quoted from Barcroft, 1947 ) 
ina study of premature births among moth- 
ers of selected areas of Scotland found a rate 
of 5 per cent in mothers of a high income 
group and 8.4 per cent for a low-income 
group. It was presumed that the plane of nu- 
trition was largely responsible for the differ- 
ence. The higher rate of premature births 
noted in the low-income group was appar- 
ently correlated with the lower weight of in- 
fants. That the level of nutrition influences 
the weight of young at birth seems well il- 
lustrated through studies by Wallace (1945, 
quoted from Barcroft, op.cit.). He found 
that ewes on a high plane of nutrition dur- 
ing the latter part of pregnancy gave birth to 
twins weighing about 57 per cent more at 
parturition than twins from ewes main- 
tained on a low nutritional diet. 


Our work with the mule deer of the 
Oak Creek area of central Utah corroborates 
Wallace’s findings with sheep. In 1950, 
1951, 1953, and 1954 following average or 
mild winters, the mean weight of 48 newly 
born fawns (estimated at not more than two 
days of age) was 8.27 lbs. This was 12 per 
cent greater than the average weight of 7.36 
pounds for 24 fawns of similar age weighed 
in 1949 and 1952, which followed two of the 
most severe winters (1948-49 and 1951-52) 
of the last few decades. Late-summer sex 
and age classifications of 4,984 deer within 
the Oak Creek area revealed an average of 
67.2 fawns per 100 does following the four 
average winters compared to 59.5 fawns fol- 
lowing the two severe ones. Ovarian-scar 
counts (Cheatum, 1949) for 1951-1954 re- 
vealed little annual variation in ovulation 
rates, so the apparent differences noted in 
late-summer fawn survival would appear 
largely due to varying mortality either pre- 
natally or during the first three months of 
the postnatal period. We suspect that lighter 
birth weights in 1949 and 1952 may have 
adversely influenced fawn survival. It also 
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seems possible that poorer condition of the 
does with probable impairment of milk pro- 
duction might also have been a factor. The 
sex ratio of 209 fawns tagged a few days 
(4-5 on the average) after birth following 
the four moderate winters was 140:100 com- 
pared to 123:100 for 87 fawns following the 
two severe winters. The sex ratios of legally 
killed fawns displayed a similar differential: 
130:100 for 190 fawns following the moder- 
ate winters compared to 108:100 for 80 
fawns following the severe winters. These 
samples are sma!l but they suggest a differ- 
entially heavier loss of males both before 
and after birth, increasing with severity of 
the preceding winter. 

Segregation of fetal-sex records, for does 
that died of malnutrition and those that died 
of violence, indicates that prenatal mortal- 
ity may take a disproportionately higher 
number of males under stress of malnutri- 
tion. Thus we found 104 males per 100 fe- 
males for 619 fetuses found in does dying 
from malnutrition, compared to 113:100 for 
668 fetuses from does dying of violence. We 
have reported previously ( Robinette, et al., 
op. cit.) that there was apparently a higher 
prenatal loss in does dying of malnutrition 
than from violence. If we restrict the sex- 
ratio records to those areas where does of 
both classes were examined, the difference 
was not so great—119: 100 for 324 fetuses re- 
moved from does dying of malnutrition 
compared to 125:100 for 380 fetuses from 
does dying of violence. Differences in the 
foregoing sets of ratios are not statistically 
significant at the 5 per cent level, but there 
remains a hint of greater mortality of male 
fetuses under stress conditions. 

Berner (letter of February 23, 1955) fur- 
nished us sex records for 253 white-tailed 
fawns killed by hunters on poor range in 
South Dakota. The sex ratio was 98:100 
compared to 106:100 for 538 fawns killed on 

ood range. 

Gerstell (1936) presented data purport- 
ing to show an excess of female fawns on de- 
pleted white-tail ranges of Pennsylvania. 
The ratios varied from about 1 to 1 on the 
better ranges to an extreme of 1 male to 4 fe- 
males on the most depleted. We feel, how- 
ever, that the manner in which his data were 
collected and analyzed is open to question. 
His conclusions were based on results from 
thousands of card returns on which, among 
other information, the hunters had recorded 
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the sex and estimated weights of deer they 
had killed. Through knowledge of the de- 
gree to which hunters overestimate deer 
weights, Gerstell decided that deer esti- 
mated by hunters to weigh less than 85 
pounds were fawns and those over 85 
pounds were older. Herein, we believe, lie 
possibilities for serious error especially 
when De Garmo (1952) in the neighboring 
state of West Virginia found yearling does 
in certain overstocked ranges weighing less 
than female fawns on some of the best 
ranges. With weight overlaps such as this, it 
is understandable why Gerstell found an in- 
creasing surplus of female fawns with 
added range depletion. While it is entirely 
possible that female fawns predominated on 
the depleted Pennsylvania ranges, we be- 
lieve that, where the deer sexing and aging 
was not done by trained personnel, Gers- 
tell’s results should be accepted with reser- 
vations. 

Most of the data and references given pre- 
viously indicate that, if disproportionate 
mortality exists in utero or within a few 
months following birth, it is the male that 
suffers. Also it appears that, with increased 
adversity such as a low plane of nutrition, 
the loss of males may increase. It therefore 
seems only fair that exceptions to this gen- 
eral thesis should be mentioned. 

Oloufa (1951) reported a higher-than-av- 
erage sex ratio of 111.8:100 for 1,762 human 
babies born to poor classes in Egypt. Liu 
(1953) in studying prenatal mortality 
among certain specific and _ subspecific 
crosses of Peromyscus found that the sex ra- 
tio of live fetuses in pregnancies with one or 
more resorbed embryos showed a higher 
proportion of males than in pregnancies 
without resorbed embryos. 


In our Utah deer studies we have encoun- 
tered several examples of what appear to be 
exceptions to the rule of good range and a 
high proportion of male fawns. For example, 
the highest fetal rate for deer we have en- 
countered to date was 1.85 for a small sam- 
ple of 33 does from the Raft River—Sublett 
herd (Jones, et al., 1956). The summer 
range is excellent and the winter range, al- 
though not good, is better than many areas 
in the state. Only 34 fetuses and 35 newly 
born fawns have been sexed in this herd but 
both samples gave an excess of females (15 
males, 19 females for fetuses; 14 and 21 for 
the newly born fawns ). Hunter-killed fawns 


gave a below-average proportion of males 
for a ratio of 105:100 for 793 animals. By 
way of contrast, the Antimony herd of 
southern Utah, which has not only a poo; 
winter range but one of the poorest summery 
ranges in the state as well, shows a repro. 
ductive rate about one-third less than that 
of the Raft River herd, and yet there appears 
to be a higher proportion of male fawns. 
Fetal examinations show 22 male and 12 fe. 
males, and hunting records give 102 males 
and 88 females, a ratio of 116:100. 

Another example may be found in the ree. 
ords of hunter-killed fawns for the Heaston- 
Stansbury unit and Fishlake Forest units 
in Utah. A ratio of 154:100 was found ina 
sample of 477 fawns from the Heaston- 
Stansbury unit, whereas only 105 males per 
100 females were found in 2,062 fawns from 
the Fishlake. Forage conditions are cer- 
tainly no better on the Heaston—Stansbury 
unit, and the winter range might even be 
considered inferior to the Fishlake’s. The 
fawn sex ratio of 154:100 is the highest we 
have yet encountered for any sample ex- 
ceeding 100 animals and yet the range is 
much inferior to the Raft River—Sublett unit 
where hunter-killed fawns gave a ratio of 
105: 100. 

Brohn and Robb (1955) have listed rec- 
ords for hunter-killed white-tailed fawns in 
Missouri which show a lower proportion of 
males on the better ranges. On these ranges 
(Area I), where deer weights, productivity, 
and antler growth were superior, they report 
a sex ratio of 91:100 for 434 fawns; whereas 
on the poorer ranges (Areas II and III) 
there was a sex ratio of 113:100 for 398 
fawns. 

Berner (letter of February 23, 1955) like- 
wise gives a sex ratio of 200:100 for 75 mule 
deer fawns killed on poor range of South 
Dakota, whereas for a very smail sample of 
14 individuals from good range the ratio was 
even. 


INFLUENCE OF MOTHER'S AGE 


Many authorities attempt to account for 
differences of human sex ratios at birth 
through varying prenatal mortality. Al 
though numerous theories have been pro- 
posed to explain the increased proportion of 
male babies born in Germany during an 
immediately following World War I, the 
ones most generally accepted are (Schein- 
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feld, 1943): (1) that there was a higher 
yercentage of young mothers and (2) that 
first-born young constituted a higher per- 
centage of all births than during normal 
times. These two conditions are of course 
largely interdependent. 

Scheinfeld (op.cit.) and Rosenhaupt 
(1939) quote data to show that the sex ratio 
of first born in humans involves more males 
than in subsequent births. Scheinfeld fur- 
ther states that the sex ratio of offspring 
from mothers, 18-22, has been reported as 
high as 120:100, whereas for mothers, 38- 
42, it has been reported as low as 90:100. 
Similarly, Ludwig and Boost (1951) found 
that in dogs the proportion of male offspring 
decreased as the age of the mother in- 
creased. Scheinfeld believes the differences 
for humans are explainable not through a 
difference in the sex ratios at conception but 
in differential prenatal mortality, which is 
least in the young mothers because they are 
as a group healthier than older mothers and 
consequently better able to carry babies to 
term. Lowe and McKeown (1950) likewise 
report that the percentage of males among 
human young decreases with maternal age 
but increases among stillbirths. The authors 
suspect that the sex ratio at conception is 
similar for the different ages of mothers. 

A breakdown of our fetal-sex records from 
Utah does having their first young and does 
that had prior young would seem to sub- 
stantiate the report for humans that first- 
born young run higher to males than in sub- 
sequent births. For does having their first 
young we found a fetal-sex ratio of 122:100 
(338 fetuses) compared to 106:100 (933 
fetuses) for does having had previous 
young. The difference between the fetal- 
sex ratios for the two classes of does is not 
statistically significant at the 5 per cent 
level. There was some indication, however, 
that prenatal mortality may be slightly 
greater in the does having previous young. 
Atrophic fetuses comprised 2.1 per cent of 
all fetuses found in this latter class of does 
compared to 1.7 per cent for does having 
their first young. Detected fetal losses 
could explain but part of the variance in 
fetal-sex ratios, even if all losses were males; 
hence, it appears that undetected embryo 
losses of the first month of pregnancy 
and/or sampling variations is or are primar- 
ily accountable. 

Our data for 2-year-old does would seem 


to lend substantial support to the thesis that 
mothers having their first young have a 
higher proportion of male offspring. Fetal- 
sex ratios for 2-year-old does having no pre- 
vious young and those that had were 
194:100 (50 fetuses) and 78:100 (132 fe- 
tuses) respectively. Even though the sam- 
ples are small, the difference in the ratios 
is statistically significant (P — 0.009). Dif- 
ferential mortality by sex among the tetuses 
could conceivably explain part of the differ- 
ence. The does having no previous young 
shed 54 ova resulting in 50 live fetuses. In 
addition there was but a single doe with no 
young or evidence of having been currently 
pregnant. Among the 2-year-old does hav- 
ing had previous young, only 11 ova were 
unaccounted for, with two does showing no 
evidence of current pregnancy. If we as- 
sume the unlikely condition that all 11 ova 
would have or did produce males, whereas 
the 4 ova unaccounted for in the does hav- 
ing their first young represented female off- 
spring there would no longer be a signifi- 
cant statistical difference (P—0.10) be- 
tween the ratios. If the prenatal losses are in 
the same ratio in each of the foregoing doe 
groups, it appears that some reason other 
than prenatal mortality or sampling error is 
accountable for the difference in fetal-sex 
ratios. It is possible, however, that the two 
factors combined could account for the dis- 
similarity. 

A comparison of the proportion of male 
fetuses with percentage of ova not repre- 
sented by living fetuses when the does died 
reveals an inverse relationship for three or 
four age classes of does (Table 2). The old 
class, however, deviates from the inverse re- 
lationship so that the data presented in 
Table 2 lend only weak support to the thesis 
of a heavier prenatal loss of males. 


TABLE 2.— COMPARISON OF FETAL SEx RATIOS 

FROM Four AGE CLASSES OF UTAH MULE DOEs 

TOGETHER WITH PROFORTION OF Ova SHED WHICH 
WERE Not REPRESENTED BY LIVE YOUNG 








Age of Doe Fetuses Sexed No. Ova % Ova Shed 
Number! Sex Ratio Shed! Not Repre- 
(M:F) sented by 


Live Fetuses 





Yearling 277 115:100 263 6.5 
2-Year 208 104:100 175 9.7 
Prime (3-7) 597 108:100 505 8.3 
Old (8+) 333 115:100 274 15.7 





1Number of fetuses sexed exceeds ova counts because 
ovarian analyses were not made for many of the does. 
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INFLUENCE OF LITTER SIZE 


Another indication of heavier prenatal 
losses of males for several species of mam- 
mals, including humans, is offered by stud- 
ies of sex ratios of young by litter classes. 
Many workers have shown that prenatal 
mortality increases with litter size and is ac- 
companied by a decrease in male offspring. 
Thus for humans, Scheinfeld (1943) lists 
ratios of 106:100 for singles, 103.5:100 for 
twins and “fewer than 98:100” for triplets. 
Ludwig and Boost (1951) likewise report 
that the proportion of males in small litters 
from dogs is higher than for large litters. 

Similarly, Apelgren (1941, quoted from 
Enders, 1952) found that litters of single 
kits in mink (Mustela vison) averaged 55.8 
per cent males as compared to only 47 per 
cent in large litters. Apelgren interpreted 
his data as meaning that males suffer a 
higher mortality than females during gesta- 
tion in large litters. 

We have noted a similar trend in our mule 
deer fetal records as shown in Table 3. 


TABLE 3. — Sex Ratios oF MULE DEER FETUSES 
BY LirtTeER CLASSES FOR UTAH 








Litter Size Fetuses Sexed 





Number Sex Ratio (M:F) 
1 340 112:100 
2 Lise 107:100 
3 441 91:100 





1 Occasionally one fetus of a multiple litter was so muti- 
lated as to prevent sexing. This explains why the num- 
ber of sexed fetuses is not evenly divisible by the litter 
size. 


We have shown previously (Robinette, 
et al., op.cit.) that the loss of ova for mule 
deer appears to increase with the number 
shed; when one correlates a decline in the 
percentage of males with an increase in lit- 
ter size, the implication is that males suffer 
more extremely than females in utero. 


UNEXPLAINED INFLUENCES 


We have noted some variations in fetal- 
sex ratios from one herd to another that do 
not seem explainable by factors previously 
discussed. To illustrate the point, 65 fetuses 
(22 males and 43 females) were sexed in 
the Willard herd of Utah from does that had 
died of malnutrition during the winter of 


1951-52. During the same winter we sexed 
164 fetuses (83 males and 81 females) from 
does dying from malnutrition within the ad. 
jacent Weber Canyon area. The winter and 
summer range on both units are closely 
comparable and yet the fetal-sex ratios dif. 
fer significantly at the 5 per cent level (,? = 
5.268, d.f. = 1; P<0.03). We doubt that the 
difference can be explained solely through 
differential prenatal mortality of one sex 
over the other. Unfortunately we saved too 
few ovaries for corpora-lutea counts to indi- 
cate reliably the extent of prenatal losses in 
the Willard herd. The study was made in 
conjunction with a survey of winter deer 
mortality and during the spring after decay 
of many carcasses had set in. However, the 
fertilization success for a small sample of 14 
corpora lutea and 12 fetuses was 86 per cent, 
which was similar to the 88 per cent for 
Weber Canyon where 194 corpora lutea 
were found for 170 fetuses. The fetal rate 
per doe of breeding age was almost identi- 
cal: 1.34 for Willard and 1.33 for Weber. 
Consequently, unless the unlikely condition 
existed that most of the prenatal loss in the 
Weber herd consisted of females and in the 
Willard herd of males, it is difficult to ex- 
plain satisfactorily the difference in fetal- 
sex ratios. 


EarLy PostNATAL MORTALITY 


We have little direct information on the 
extent of early fawn mortality (0-3 months) 
or of the sex ratio of these early losses. How- 
ever, indirect means permit certain infer- 
ences. 

In Table 4 are listed sex records for 2,299 
fetuses of Odocoileus hemionus ssp. With 
the exception of 180 records for Columbian 
black-tailed deer (O. h. columbianus ) (Bis- 
choff, quoted by Taber, 1953; Taber, op.cit.; 
Longhurst, 1955; Golley, 1954), 58 for Inyo 
mule deer (O. h. inyoensis) (Bischoff, 
op.cit.) and 17 for Mexican and/or desert 
mule deer (O. h. canus and/or eremicus) 
(Illige, 1954), the records are for Rocky 
Mountain mule deer (O. h. hemionus). 

The fetal-sex ratio is 111 males per 100 fe- 
males. These records are largely for the mid- 
dle three months of pregnancy, and hence 
may not reflect the sex ratio either at con- 
ception or at birth. 

In Table 5 are listed sex records for 808 
fawns that were caught and ear-tagged 
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Taste 4. — Ferat-Sex RECORDS FOR Odocoileus ssp. 














Number 
State Authority Males Females Total 
Arizona Wright (in litt.) 12 6 18 
Illige (1954) 18 14 32 
California Chattin (1948) 34 30 64 
Bischoff (Taber, 1953) 98 76 174 
Longhurst (1955) 11 8 19 
Schneegas (in litt.) 28 19 47 
Taber (op.cit.) 28 29 50 
Colorado Shepherd (in litt.) 74 65 139 
Montana Sears (1955) 51 46 97 
Utah Doman and Rasmussen 
(1943) 37 30 67 
Fagergren (verbal comm.) 11 21 32 
Robinette, et al. (1955); 

Robinette (pers. files) 784 728 1,512 
Washington Golley (1954) 26 22 48 
Totals 1,212 1,087 2,299 

Ratio : : ee 

95% confidence limits _ 106-116:100 





within a few days after birth. Table 6 lists 
records for 13,046 fawns killed when 3-6 
months old by hunters. The sex ratio of fe- 
tuses (111:100) is less than the sex ratio of 
newly born fawns (121:100) and hunter- 
killed fawns (114:100). We doubt, how- 
ever, that these ratios are wholly compar- 
able. 

We have already mentioned that fetal-sex 
ratios appear to vary with herds, plane of 
nutrition, age of mother, size of litter, and 
as-yet-unexplained factors. Eighty per cent 
of the newly born fawn records were col- 
lected from two restricted areas (Oak Creek 
area and North Kaibab), where sex records 
both of hunter-killed fawns and of fetuses 
indicate that a higher proportion of males 
than average exists. For purposes of deter- 
min‘ng if a differential loss may occur in 
the sexes from late pregnancy (assuming 
little prenatal mortality from the third 
month on—the period of pregnancy when 
most fetal-sex records were obtained) or 


TaBLE 5.— SrEx Recorps oF NEWLY BorRN MULE 
DEER Fawns 1-14 Days or AGE 














Number 
State Authority Males Females Total 
Arizona Diem (pers. comm. ) 61 45 106 
Nichol (1938) 5 6 ll 
California Dixon (1934) 2 4 6 
Idaho Jensen (verbal comm.) 14 21 35 
Utah Robinette (pers. files) 360 290 650 
Totals cg, 366 808 
Ratio 121:100 





TABLE 6. — SEx oF HUNTER-KILLED MULE DEER 
FAwns—3-6 MONTHS OF AGE 














Number 
State Authority Males Females Total 
Arizona Swank (in litt.); U.S. 
Forest Serv. Reports 897 726 1,623 
California Interstate Deer Herd 
Committee (1954); 
Bushey, R. M. (1956) 328 285 613 
Colorado Carhart (1940); Camp- 
bell (pers. comm.) 85 94 179 
Idaho McConnell and Dalke 
(1953); 
Tanner (verbal comm.); 
Mohler (in litt.) ; 
Nielson (in litt.) 955 867 1,822 
Nebraska Mohler, et al. (1951) 30 31 61 
Nevada Nilsson (1948); Robinette 
(personal files ) ; 
| Sutherland (1950) 206 222 428 
Oregon Mace (in litt.) 595 558 1,153 
S. Dakota’ Berner (in litt.) 57 32 89 
Utah Pers. files of writers; 
Fagergren (U.S. Park 
Service reports ) 3,401 3,011 6,412 
Wyoming Reynolds (1954) 395 271 666 
Totals _ 6,949 6,097 13,046 
___ SSAC eect ene ene Coe _ 114:100 
95% confidence limits _---- 112-116:100 





from birth until the hunting season, we have 
combined the fetal and newly born fawn 
sex records to obtain a ratio of 113.8 males 
per 100 females for 3,107 records. This ratio 
is almost identical to the 114.0:100 derived 
from hunter-killed fawns. These ratios indi- 
cate that little differential mortality occurs 
in the sexes during the interval from late 
pregnancy until the fawns are about four 
months of age. Perhaps more valid con- 
clusions might be drawn from smaller areas 
for which both fetal and/or newly born 
fawn and hunter-killed fawn sex records are 
available. 

The Oak Creek area of approximately 
33,000 acres offers such a comparison. From 
1947 to 1954, 350 newly born fawns and 6 
fetuses have been sexed on this unit for a 
ratio of 135:100. During the corresponding 
hunting seasons 335 fawns have been sexed 
for a ratio of 128:100. However, if we use 
the additional records of 21 live, ear-tagged 
fawns observed on the area during late sum- 
mer, identified as to sex through ear marks 
or colored discs and which were not subse- 
quently killed by hunters, the ratio becomes 
132:100. There is here indication that a 
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slightly heavier loss of males may occur dur- 
ing the first three months following birth. 
Similarly, fetal and newly born fawn rec- 
ords (72 males—53 females) on the North 
Kaibab for the years 1953 and 1954 gave a 
ratio of 136:100, whereas 1,295 fawns (716 
males and 579 females) killed by hunters 
during these same two years gave a ratio of 
124:100, further suggesting a heavier loss 
of males. 

Additional records for the North Kaibab 
obtained from reports furnished the writers 
by Allan G. Watkins of the U.S. Forest Ser- 
vice (Albuquerque, New Mexico) lend cor- 
roborative evidence of the lower survival 
ability of the male mule deer fawn during 
the first three months following birth. Dur- 
ing the problem period the Forest Service 
sought various means to alleviate the criti- 
cal overstocking of deer. One method, em- 
ployed from 1925 to 1932, was the encour- 
agement given local ranchers to raise young 
fawns found on the range. The Forest Ser- 
vice in turn bought the fawns when reared 
to an age of three months for amounts stipu- 
lated annually in written agreements. The 
fawns were then shipped to any organiza- 
tion or individual willing to pay costs. Some 
of the fawn records are incomplete by sex, 
but in his reports for 1929, 1930, and 1931 
Supervisor Walter Mann listed the number 
of fawns by sex: (1) brought to the ranches 
when only a few days old, (2) surviving to 
1-1.5 months of age, and (3) surviving to 
2.5-3.0 months of age. Combined records for 
the three seasons are listed in Table 7. 

Records in Table 7 show a disproportion- 
ately heavier loss, though slight, of males 
during the initial period with the reverse for 


TABLE 7.— SurRvVIVAL BY SEX AND AGE oF 1,171 
Mute DEER FAwWNs CAPTURED ON THE KAIBAB Na- 
TIONAL Forest (NORTH) WITHIN A FEw Days Fot- 
LOWING BIRTH AND HAND-REARED TO THREE 
MoNTHs OF AGE 











Age of Fawns No. Fawns Living Sex Ratio 
Male Female 

Few days 615 556 110:100! 

1-1.5 mos. 303 293 103:100 

2.5-3 mos. 258 241 107:100 





1 The proportion of male fawns found on the range was 
actually higher than 100:100 inasmuch as some males 
were known to have been released when found. De- 
mands for restocking purposes were greater for females, 
resulting in a bonus being offered for them. 


the second period. The net result for the ep. 
tire three months, however, was a slightly 
higher male loss (58 per cent for males, 57 
per cent for females). The total loss doubt. 
less exceeds that normally occurring in pg. 
ture but it is possible that these records re. 
flect the degree of differential mortality by 
sex during the early postnatal period. * 


Ovarian-scar counts and late-summer se, 
and age classifications of live deer within 
the Oak Creek unit give evidence that 
very heavy loss of fawns must take place 
prenatally or during the first three months 
following birth. The average ovarian-scar 
count of the preceding breeding season for 
does older than yearlings that were killed 
during the fall hunts was 1.62 per doe. The 
predicted number of fetuses shortly after 
midpregnancy was 1.45 (obtained by multi. 
plying the scar rate by 89.4 per cent). This 
predicted rate is very close to the state-wide 
fetal rate of 1.52 (Robinette, et al., 1955) 
found prevailing at midpregnancy. The pre- 
dicted rate of 1.45 compared to 0.88 of a 
fawn per mature doe (yearlings excluded) 
during late summer implies that 39 per cent 
of the fawns died from late pregnancy until 
they were about three months of age. We 
have sexed but 16 fawns, 0-3 months of age, 
within the Oak Creek area that were either 
dead or very sickly and not expected to live. 
Twelve of this number were males, denot- 
ing a considerably heavier mortality of 
males. However, we feel that the sex ratios 
based on much larger numbers of subjects 
at fawning and during the hunting season 
give much more reliable information as to 
relative losses of the sexes. These ratios indi- 
cated that the differential loss in sexes is 
slight—even though the over-all loss of 
fawns appears to be nearly 40 per cent. 

Some observations by Doman (1940-42) 
in the Maple Springs deer pasture of central 
Utah imply that under certain conditions 
female fawns may suffer relatively heavier 
losses than the male. This 740-acre experi- 
mental pasture was completed on winter 
deer range in late April 1940. Although 
many deer had already started moving up to 
the summer range, 357 deer were fenced 
within the pasture. The enclosed deer were 
highly nervous and continued to crowd the 
upper edge of the pasture in their efforts to 
migrate to the summer range. Possibly be- 
cause of this frustration and/or an early 
depletion of the more palatable forage, a 
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heavy loss of fawns (estimated by Doman 
at over 50 per cent) took place during the 
fawning period of June and early July. Do- 
man was successful in sexing 34 of the dead 
fawns, and of this number 16 were males 
and 18 were females. During a removal pro- 
gram of the succeeding two years when deer 
were trapped at the only available water, 
Doman sexed 75 survivors from the 1940 
fawn crop and this sample contained more 
males than females (41 to 34). Incidentally, 
the other three brood years for which sex 
records were obtained—1939, 1941, and 
1942—showed a preponderance of females. 
Thus under extreme adversity imposed by 
pasture conditions in 1940, female fawns 
appeared to suffer a slightly heavier mortal- 
ity than the males or the subsequent sur- 
vival of males exceeded that of females. 

In addition to the sex records mentioned 
above for the Maple Springs and Oak Creek 
areas, the senior writer has sexed five male 
fawns and four female fawns that died 
sometime between birth and three months 
of age. Thus for Utah we have records for 33 
male and 26 female fawns dying of natural 
causes during the first three months follow- 
ing fawning. The sex ratio of 127:100 ex- 
ceeds the general average for fetuses or 
hunter-killed fawns in the state; hence it 
might signify a differentially heavier mor- 
tality of males from birth to three months of 
age. 

"Taber and Dasmann (1954) report a dis- 
proportionately heavier loss of males among 
black-tailed deer fawns during their first 
summer in California. 

Generalizing, we might say that our infor- 
mation, although being far from conclusive, 
tends to indicate a slightly heavier loss of 
male mule deer fawns from late pregnancy 
until three months of age. 


DIFFERENTIAL WINTER MORTALITY 
OF MALE AND FEMALE FAWNS 


In Table 8 are tabulated the sex of 8,938 
fawns that had died during the winter at 
the age of 6-10 months. Although some were 
killed by cars, predators, etc., most of the 
fawns died of starvation on impoverished 
winter ranges. 

These records with a ratio of 97:100 im- 
ply a heavier loss of females. If there are 114 
male fawns per 100 females going into the 
winter as indicated by hunter-killed fawns, 


TABLE 8. — SEx REcorps FOR WINTER-LOST FAWNS 
oF Odocoileus hemionus ssp. 7-10 MONTHS OF AGE 














Number 
State Authority Males Females Total 
Alaska Nelson (1952); Olsen 
(in litt.) 52 74 126 
California Interstate Deer Herd 
Committee (1954); 
Longhurst (1955) 350 369 719 
Colorado Carhart (1940; 1941); 
Gilbert (in litt.) 1,157 1,194 2,351 
Nevada Johnson (1952); Rob- 
inette (pers. files) 46 39 85 
Oregon Einarsen (in litt.) 197 166 363 
Utah Files of U.S. Forest Serv- 
ice, Utah State Fish 
and Game Dept. and 
U.S. Fish and Wildl. 
Serv.; Low and Low 
(1949) 2,594 2,700 5,294 
Totals 4,396 4,542 8,938 
Ratio - 97:100 
95% confidence limits 95-99:100 





the mortality rate of female fawns is 1.17 
times that of the males. Because of the vari- 
ability that may occur in fetal sex ratios in 
different herds, a more valid comparison of 
differential winter loss in the sexes can per- 
haps be derived by restricting comparisons 
to herds for which samples of both hunter- 
and winter-killed fawns are available. This 
has been done in Table 9. 

Records in this table indicate that the 
winter-loss rate of female fawns has been 
1.2 times greater than for the males. The 


TABLE 9.— Sex ReEcorps FOR HUNTER- AND WIN- 
TER-KILLED MULE DEER FAWNs FoR 10 HERDS 














Legal Winter Ratio of 
Kills Losses Mortality 
Herd Rates 
M F M F M:F 
California-Oregon 
Interstate 289 222 251 299 1:1.62 
Utah 
Cache 878 752 673 684 1:1.19 
Oak Creek 188 147 73 99 1:1.73 
Fishlake N.F.1 1,057 1,005 279 309 1:1.16 
Epi aim-12 Mile 141 137 62 71 1:1.18 
Pro 24 24 485 547 1:1.18 
Salt Lake City 33 31 375 316 1:0.90 
Stansbury-Heaston 289 188 47 40 1:1.31 
Willard 19 13 187 192 1:1.50 
Nevada 
Duck Creek 86 74 15 21 1:1.63 
Totals _.. 3,004 2,593 2,447 2,605 
Ratios 116:100 94:100 1:1.20 





1 Excluding Oak Creek 
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Salt Lake herd is the only one failing to 
show a higher loss rate for females. This 
single dissent could well be due to the very 
small sample of hunter-killed fawns that 
were sexed—only 33. 

An added refinement to the foregoing 
computations is a comparison of hunter- and 
winter-killed fawns not only for the same 
herds but for the same brood years. We have 
records for only four herds fulfilling these 
requirements (Table 10). 

The difference between the sex-ratio to- 
tals of Table 10 is highly significant statisti- 
cally (probability < 0.001) and would indi- 
cate that for these particular herds and 
years there was very definitely a heavier 
loss of females. 


Tas_eE 10. — Sex Recorps ror HUNTER AND WIN- 
TER-KILLED MuLE DEER FAWNS FOR SAME BROOD 
YEARS IN Four HErpDs 














Ratio of 
Herd Brood Legal Kills Winter Losses Mortality 
Years Rates 
M F M F M:F 
Interstate 1951 289 222 251 299 1:1.62 
Cache 1951 291 232 191 232 1:1.46 
Cache 1954 188 145 22 21 1:1.24 
Oak Cr. 1947-54 188 147 63 91 1:1.88 
Duck Cr. 1947-52 84 73 14 17 1:1.40 
Totals . 1,040 819 549 660 
Ratios 127:100 83:100 1:1.53 





Berner (letter) has furnished white-tailed 
fawn records for the Black Hills area of 
South Dakota that likewise indicate a heav- 
ier winter loss rate for females. A _ sex 
ratio of 98:100 was obtained from 253 fawns 
killed by hunters as compared to a sex ratio 
of 78:100 for 130 fawns dying overwinter. 

Much of the reasoning of the preceding 
discussion has been based on the premise 
that the sex ratio of hunter-killed fawns re- 
flects the sex ratio of fawns in the herd. A 
study by Andersen (1953) of a Danish herd 
of roe deer (Capreolus capreolus) sheds 
some doubt on this assumption. For ad- 
ministrative reasons a herd of 213 roe deer 
was annihilated, being shot without regard 
to sex and age. Andersen found that the 
males of both fawns and older deer were 
more susceptible to being shot. 

We believe, however, that one important 
difference exists between Andersen’s study 
and ours. The roe deer fawns were killed 
after the rutting season at an average age of 


six months, whereas most of the mule dee; 
fawns listed in Table 4 were killed before 
the rut at an average age of four months, 

Our field observations prior to the rutting 
season show that mule deer fawns regard. 
less of sex remain close to their mothers ang 
thus afford little opportunity for one sex to 
be taken more readily than the other. On the 
other hand, trapping operations during and 
following the rut have led Taber and Das. 
mann (1954) to believe that the male fawn 
tends to stray more widely from the doe 
than the female fawn, at least during the 
period of their trapping operations. It seems 
likely that the breeding season marks an im- 
portant change in the behavior pattern of 
fawns and particularly of the male. The 
more extensive straying habits of male 
fawns may be initiated during the rutting 
season due to increased production of sex 
hormones and the disrupting influences of 
rutting activities upon family ties. 

In order to verify whether or not 4-month- 
old male mule deer fawns are more svus- 
ceptible to being shot, we have tabulated by 
sex the number of fawns removed from 
three Utah deer herds for each day of the 
11-day hunting season. If male fawns are 
killed more readily the fact should be re- 
vealed by a decline in the proportion of 
male fawns in the bag, as the season pro- 
gresses. No such decline is evident in these 
data (Table 11). 

As a matter of fact the proportion of males 
in the kill is slightly greater during the latter 
half of the season than during the first half. 
The difference is not statistically significant 


TABLE 11. — Datty REMOVALS OF HUNTER-KILLED 
MuLE DEER FAWNs By SEX FROM THE CACHE, Oak 
CREEK AND EPHRAIM—12 MiLeE HErps oF UTAH 

















Day of Hunt Fawns Removed Ratio 

Males Females M:F 
1 230 199 116:100 
2 228 194 118:100 
3 53 47 113:100 
4 29 34 85: 100 
5 25 13 192:100 
6 22 24 92:100 
i 33 24 138: 100 
8 64 47 136:100 
9 74 60 123:100 
10 17 12 142:100 
ll 34 24 142:100 

Totals 809 678 

Weighted Average 119:100 
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at the 5 per cent level, however, and is likely 
due to inadequate daily samples. Fawn rec- 
ords were used from three herds where the 
legal fawn kills and winter mortality indi- 
cated a heavier winter loss of female fawns 
‘Table 9). 

‘One might expect that severity of the 
winter could influence the sex ratios of the 
fawns that die. Examination of both the 
Duck Creek and Oak Creek records indicates 
a higher percentage of females among the 
losses during mild winters than during the 
severe ones. For example, in the two severe 
winters of 1948-49 and 1951-52, a total of 38 
male and 44 female fawns (86:100) was 
found within the Oak Creek area, whereas 
93 males and 47 females (49:100) were 
found during the milder winters. A similar- 
ity was noted for Duck Creek with 10 males 
and 10 females for the severe winters and 5 
and 11 for the mild ones. These data are 
contradictory to loss ratios given for the 
Hopland area in California (Taber and 
Dasmann, 1954), where the higher propor- 
tion of males was correlated with the more 
severe winter. 

Some records maintained chronologically 
throughout the winter of 1948-49 by the late 
Eugene Miner of the Utah State Fish and 
Game Department for fawns dying at three 
feedgrounds near Springville, Utah, are be- 
lieved to be of sufficient interest to repro- 
duce. The dead fawns were picked up daily, 
and the records have been grouped on a bi- 
monthly basis (Table 12). 

Records of the three stations show similar 
trends throughout winter. The first losses 
lean toward the females at all three stations, 
toward the males during the second period, 
an almost even ratio during the third period 
and back to females during the fourth or 
last period . 

The trend exhibited by the sex ratios 
throughout winter is thought provoking, 
but we have no theories by way of explana- 
tion. These data, however, suggest the pos- 
sibility that the length and/or severity of 
winter might be a factor in determining the 
sex ratio of fawns that are lost. The heavier 
loss of females during the initial period 
would seem to confirm the findings of mild 
winters for the Duck Creek and Oak Creek 
areas. Similar chronological recordings of 
winter deer losses for the Salt Lake and 
Cache areas in 1949 and Salt Lake in 1952 
fail to show trends in sex ratios wholly in 
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TABLE 12. — Sex REcorps FOR MULE DEER FAWNS 
DyINnc AT THREE FEEDGROUNDS NEAR SPRINGVILLE, 
Utan, WINTER OF 1948-49 








Number Fawns Sexed 





























Period Feedground Male Female Total 
Hobble Cr. 22 32 54 
January Spring Cr. 10 11 21 
15-31 Mapleton Bench 16 21 37 
Totals 48 64 112 
Ratio 75 100 
Hobble Cr. 30 27 57 
February Spring Cr. 37 25 62 
1-15 Mapleton Bench 46 43 89 
Totals 113 95 208 
Ratio 119 100 
Hobble Cr. 45 42 87 
February Spring Cr. 62 65 127 
16-28 Mapleton Bench 36 35 71 
Totals 143 142 285 
Ratio 101 100 
Hobble Cr. 14 20 34 
March Spring Cr. _ _ ~ 
1-16 Mapleton Bench 15 23 38 
Totals 29 43 72 
Ratio 62 100 
Grand totals _____ eaeeaiaatintieas 333 344 677 
a 97 100 





conformity with the Springville data. How- 
ever, these early losses of the Salt Lake 
and Cache areas do tend to show a slightly 
higher proportion of females than mid-pe- 
riod losses, and agree in this respect with 
Springville. 


DIFFERENTIAL WINTER MortTALITY AMONG 
DEER BY SEX AND AGE 


During the two severe winters of 1948-49 
and 1951-52 deer-herd losses from Spring- 
ville to Logan, Utah, were estimated at 25- 
40 per cent. The writers and cooperators 
sexed and aged 5,590 dead deer during the 
two winters in this region broken down as 
follows: 1,867 buck fawns, 1,867 doe fawns, 
379 buck yearlings, 380 doe yearlings, 254 
bucks older than yearlings, 682 does older 
than yearlings and 72 bucks and 89 does re- 
corded as older than fawns. We do not have 
adequate posthunt sex- and age-composi- 
tion counts for the herd during the two spe- 
cific years involved. However, we believe 
that sex and age counts made of 6,641 live 
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deer in this region prior to winter during 
the period 1941-53 reflect quite closely the 
sex ratio and fawn crop that probably pre- 
vailed. These counts show a sex ratio of 3.04 
does per buck and 73 fawns per 100 does. In 
addition, 44 per cent of the bucks were 
judged to be yearlings. Relatively little ag- 
ing of deer at checking stations has been 
done for the region involved. However, rec- 
ords from the Logan area and other stations 
in the state but outside the specific area in- 
dicate that about 30 per cent of the legally 
killed does (older than fawns) are year- 
lings. We further believe that the legal kill 
of yearling does is closely proportional to 
their numbers in the doe herd. 

The ratios between mortality rates listed 
below were derived from the foregoing 
data. 

Age Classes 
fawns: older deer = 
fawns: yearlings = 
yearlings: adults = 

Males: Females 
fawns 1.0:1.2-1.5 
(see Tables 9 and 10) 
yearlings 2.1:1.0 
adults 1.4:1.0 

It thus appears that immature deer 
(fawns and yearlings) suffered a higher 
mortality rate than mature deer—more so 
with fawns than with yearlings. It likewise 
appears that the mortality rate of males was 
higher than that of females in the yearling 
and adult groups but lower in the fawn 
group. 

Winter deer-loss studies on the Fishlake 
National Forest (Robinette, 1949) showed 
a fawn:adult ratio between mortality rates 
of 3.1:1.0. The male:female ratio for deer 
older than fawns, however, was 0.9:1.0. 
Herd losses ranged from about 7 to 16 per 
cent. 

In the Oak Creek herd the fawn mortality 
rate exceeded that of older deer by 3.6 
times, whereas the yearling rate was 1.5 
times that of adults. The loss rate of all 
males older than fawns was 1.2 times that of 
females. Our dead-deer records are too few, 
perhaps, to permit a further reliable break- 
down (10 yearling and 4 adult bucks, 7 
yearling and 36 adult females); however, 
they do imply a much wider ratio between 
the bucks and does in the yearling group 
(3.2:1.0) than in the adult group (0.6:1.0). 

In the foregoing mortality ratios by sex 
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and age classes for three different herd; 
there appear certain similarities as wel] 4 
discordancies. These matters are examined 
further in the section that follows. 


DIscussION 


Studies of humans and a few other mam. 
mals indicate that the sex ratio at conce 
tion is in favor of the male, but heavier mop. 
tality of the male during pregnancy tends tp 
erase much of the differential by partur. 
tion. 

A number of theories have been bandied 
about by students of human biology as to 
causes for the apparent male surplus at con. 
ception and of the greater pre- and post. 
natal mortality of males. Strandskov and 
Bisaccia (1949) have listed hypotheses for 
more males being conceived than females, 
One is that sex-linked lethal mutations o¢. 
cur that tend to kill off more female- than 
male-determining sperms before they reach 
the egg. Another is that the X- or female. 
carrying sperms may be more susceptible to 
the chemical environment of the female 
genital tract. A third hypothesis is that Y- 
carrying sperms are more motile or pene- 
trate the membrane of the unfertilized egg 
more readily than X-carrying sperms. 

Studies by Hart and Moody (1949) with 
rats showed quite conclusively that the pro- 
portion of male offspring increased with an 
increase in the interval following ovulation 
at which conception occurred. They pos- 
tulate that (1) the permeability of the 
ovum, (2) the viability and motility of the 
extra chromosome or female-producing sper- 
matozoa as compared to male-producing 
spermatozoa, and (3) genital-tract condi- 


tions may all vary with time of insemina- © 


tion and influence the sex of offspring. 
There is even some indication that time of 
conception may have a bearing on the sex 
ratio of human offspring (Seymour and 
Koerner, 1941: quoted from Hart and 
Moody, op.cit.). 

Liu (1953) found that close inbreeding 


increased the number of resorbed embryos ~ 
in Peromyscus but failed to demonstrate © 


that sex-linked lethal and semilethal genes 
were responsible. However, evidence of a 
sex-linked lethal gene has been reported in 
the house mouse (Mus musculus) (Hau- 
schka, Goodwin, and Brown, 1951; Fal- 
coner, 1952, cited by Liu, 1953). 
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DIFFERENTIAL Morratity By SEX AND AGE AMonG MuLE DeEer—Robinette et al. 


Chambron (1949, quoted from Animal 
Breeding Abs., 20:71) found that implanta- 
tion of fertilized ova was delayed in ovari- 
ectomized rats when given small doses of 
progesterone (0.25 mg. daily). Fetal devel- 
opment was normal, but litter size was small 
suggesting fetal resorption. This study fur- 
ther suggests that subnormal progesterone 
production by the corpora lutea could influ- 
ence prenatal mortality. 

Brody (1945) states that there may be an 
antagonism between male and female hor- 
mones as demonstrated by the “free martin” 
effect in cattle. He suggests, therefore, that 
the maternal female hormones may exert a 
lasting injury on the male fetus. 

There was some indication from our mule 
deer records that the early postnatal mortal- 
ity rate of males may slightly exceed that of 
females. A study of the literature has un- 
covered no plausible explanation. We are 
equally nonplused as to why female fawns 
should suffer more extensively than males 
overwinter. It is possible that male fawns 
are hardier and stronger than the females 
during winter because they are heavier and 
slightly larger. October fawn weights from 
central Utah show that males weigh 7.4 per 
cent more than females (658 weights ), and 
this differential would likely be slightly 
greater by winter. We are not satisfied with 
this explanation as being the sole reason for 
greater losses of females, however. Food de- 
mands by male lambs are greater than fe- 
males’ even when of equal weight and age 
(Morrison, 1948). On overstocked range 
with inadequate feed, the male fawn would 
seem to be at a disadvantage, if the same 
condition holds for deer. Metabolism stud- 
ies by Schwabe, Emery, and Griffith (1938 ) 
with rats given adequate food, however, 
suggested that the male may be able to 
withstand cold better than the female. 

We noted a much higher loss rate of year- 
ling males than of females (2.4:1), whereas 
among adult animals the loss ratio more 
nearly approached equality for the sexes. 
We suspect that the mortality ratio between 
the sexes of the adult group would be simi- 
lar to the yearlings were it not for heavier 
hunting removals of bucks, resulting in rel- 
atively fewer males than females reaching 
old age. The annual net herd increase has 
not been harvested in the Springville-Logan 
herd as evidenced by periodic buildups and 
heavy winter die-offs. On the other hand, 
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hunting removals have maintained rather 
stable numbers in the Oak Creek herd, 
where winter losses have ranged from about 
7 to 15 per cent. The male:female ratio be- 
tween loss rates among adult deer in the un- 
deharvested Springville-—Logan herd was 
computed as 1.4:1.0 compared to 0.6:1.0 for 
the Oak Creek herd. The ratio was likely 
even lower for the Fishlake herd (dead deer 
were classed only as fawns and older deer ), 
because the male:female ratio was 0.9:1.0 
for deer older than fawns compared to 
1.5:1.0 for Oak Creek. During the period of 
study the Fishlake herd underwent very 
heavy hunting pressure, being reduced 
about one-third in base herd numbers. We 
suspect that, if winter mortality compari- 
sons could be made for individual year 
classes, males would show a higher mor- 
tality rate than does for all classes except 
fawns. 

Taber and Dasmann (1954) suggest that 
loss of females among adult black-tailed 
deer may disproportionately exceed that of 
males. Their work was conducted in an 
area where does had not legally been 
hunted. It therefore seems possible that a 
higher percentage of the does would die of 
old age than in areas where doe hunting is 
permitted, such as in Utah. If this supposi- 
tion is true, it might explain why our results 
for adult animals differed generally from 
theirs. 

Other big-game studies generally indicate 
a higher natural mortality rate for males: 
Tener (1954) for musk-oxen (Ovibos mos- 
chatus); Banfield (1954) for caribou 
( Rangifer arcticus ); and Cowan (1950) for 
elk (Cervus canadensis), caribou, mule 
deer, mountain goats (Oreamnos ameri- 
canus ), and bighorn sheep (Ovis canaden- 
sis). 

The higher winter-mortality rate noted 
for mule deer males (older than fawns) in 
some herds may be associated with a step- 
up in the secretion of sex hormones, provid- 
ing deer react similarly to rats. Jones 
(1951) found that female rats showed 
greaier weight gains than males when diets 
were inadequate in respect to protein. In 
survival tests on protein-deficient diets the 
female rats lived longer and lost less weight 
than the males. A study by Sellers, Good- 
man, Marmorston, and Smith (1950) would 
seem to explain the earlier death of the 
males. These workers found that adult male 
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rats excreted four to five times more pro- 
tein in their urine than females. Castration 
of the males resulted in a sharp fall in pro- 
teinuria, whereas daily injections of testo- 
sterone propionate greatly increased the 
rate of protein excretion in both male and 
female castrated rats. 

Schein (1950) obtained some rat sex ra- 
tios for three age groups of Rattus norvegi- 
cus which exhibit some parallelism with our 
deer ratios. He sexed 1,044 wild brown rat 
fetuses for a ratio of 105:100. A total of 
1,325 immature rats gave a sex ratio of 
133:100, but 3,937 mature rats gave a ratio 
of only 75:100. Statistically the ratios differ 
significantly from one another, so it appears 
that until the beginning of the reproductive 
age the mortality of females is greater, 
whereas the reverse is true in the mature 
group. The greater loss of female rats dur- 
ing immaturity concurs with our observa- 
tions of overwinter sex mortality in fawn 
deer, and the sex mortality of mature rats 
likewise agrees generally with our findings 
in mature mule deer. 

It is possible that the vigorous, condition- 
depleting activities of the rutting season 
may be an important factor in the heavier 
overwinter loss of males, despite the adverse 
influence that fawn-rearing has had upon 
a condition of at least 60 per cent of the 

oes. 

Our studies further showed that fawns 
succumb more readily than yearlings and 
yearlings more readily than adults, with the 
possible exception of the very old ani- 
mals. This condition we believe to be a logi- 
cal one, since most of the nutrients taken in 
by immature animals (i.e. fawns as well as 
yearlings ) are used for growth and mainte- 
nance, whereas with mature animals sur- 
plus energy in excess of maintenance re- 
quirements can be stored as an aid in over- 
winter survival. 


SUMMARY 


The writers have presented sex-ratio rec- 
ords for mule and black-tailed deer (Odo- 
coileus hemionus ssp.) fetuses, newly born 
and hunter-killed fawns as well as for deer 
of all ages dying during winter for several 
of the western states. Records for 2,299 


fetuses gave a male:female ratio of 111:100; 
for 808 newly born fawns—121:100; and for 
13,046 hunter-killed fawns—a ratio of 114:- 


100. These samples clearly show a pre- ang 
postnatal surplus of males among mule dee; 
fawns. A summary of available records Sug. 
gests that pre- and early postnatal mortalj 
may take a higher proportion of male fawn, 
although evidence is not conclusive. Some 
evidence is presented to indicate that a low 
nutritional plane, an increase in litter size 
prior fawn production by does, and prenata| 
mortality may be factors in depressing the 
proportion of surviving males. 

Providing the ratio of 114:100 for hunter. 
killed fawns represents the sex ratio of live 
fawns prior to winter, a sex ratio of 97:10 
for 8,938 fawns dying during winter implies 
that the winter-loss rate for females is about 
1.2 times that of males. Among older deer, 
however, data for Utah indicate that males 
suffer disproportionately heavier losses, 
Further analysis shows that the winter-loss 
rate of fawns is 2 to 3 times that of older 
deer, whereas the loss rate of yearlings is 
about 1.6 times that of adults. 

Possible explanations for some of the fore. 
going conditions are discussed. 
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PREDATION BY SNAPPING TURTLES UPON AQUATIC BIRDS 
IN MAINE MARSHES’ 


Malcolm W. Coulter 


Maine Cooperative Wildlife Research Unit 


The purpose of this report is to present 
the findings of a study of predation by the 
common snapping turtle (Chelydra serpen- 
tina Linnaeus ) upon aquatic birds. Persons 
interested in the welfare of ducks and other 
aquatic birds have often referred to this rep- 
tile as a predator, although there is little spe- 
cific information tc indicate to what extent 
losses are incurred. The overall food habits 
of the snapping turtle have been discussed 
in detail by Alexander (1943) and Lagler 
(1943). These and other studies indicate 
that the usual diet consists largely of vegeta- 
tion, several kinds of invertebrates, and non- 
game fishes. Birds or mammals are, as a 
rule, incidental foods taken infrequently. 
Alexander (op.cit.) seems to have aptly 
summarized the status of the snapping tur- 
tle by stating: “The economic importance of 
this turtle depends largely upon the habitat 
in which it lives, because there is a high cor- 
relation between the availability of various 
food items taken and the amounts of each 
taken...” 


It appears that there has been little op- 
portunity to study the turtle under condi- 
tions where large numbers of birds might be 
readily available. Lagler (1943) trapped 21 
snapping turtles from a pond in Michigan 
that contained about 20 acres of surface 
water, with a nesting waterfowl population 
in excess of one pair per acre. Four young 
mallards (Anas platyrhynchos) were pres- 





\The writer expresses his appreciation to How- 
ard L. Mendall, leader, Maine Cooperative Wild- 
life Research Unit, for identification of bird remains, 
suggestions during the study, and in preparation of 
the manuscript. Several persons assisted with the 
field or laboratory work, especially former graduate 
assistants Fred Dean, Frank Haseltine, Robert Hy- 
ers, and J. William Peppard; graduate students Wil- 
liam Nicholson and David O’Meara; and State 
Game Biologist Richard Parks. Contribution from 
the Maine Cooperative Wildlife Research Unit, 
Orono, Maine; Maine Department of Inland Fish- 
eries and Game, University of Maine, Wildlife Man- 
agement Institute, and the U.S. Fish and Wildlife 
Service cooperating. 


ent in three turtles. It was concluded that 
despite the high concentration of avian 
prey, the reptiles turned to more available 
aquatic vegetation for food. Miller (1952) 
found ducklings in four of 10 snapping tur- 
tles collected from the Sandbar Waterfowl 
Refuge in Vermont in 1950, but birds oc- 
curred in only 2 of 23 turtles taken during 
1951. 

The present investigation was designed to 
study habitats where birds, especially wat- 
erfowl, were known to be abundant in 
Maine and where high snapping turtle 
populations were believed to exist. In ad- 
dition, collection of specimens was limited 
to the peak of the brood season for ducks. 


METHODS 


Turtles were captured with Smith Stand- 
ard Turtle Traps (manufactured by Robert 
G. Smith, East Killingly, Connecticut). 
These traps are about the size and shape of 
a 50-gallon steel drum and consist of a frame 
of three metal hoops over which cord net- 
ting is stretched. A funnel at one end per- 
mits access by turtles attempting to reach 
the bait. The bait is enclosed in a perfor- 
ated tin can suspended about two-thirds of 
the distance from the funnel to the back of 
the trap. These traps are staked in 114 to 4 
feet of water with the funnel facing down- 
stream or offshore. Scraps of marine fish, 
canned sardines, and locally caught fish and 
frogs were used as bait. In general, canned 
sardines and scraps from marine fish were 
slightly more effective than were frogs or 
locally caught coarse fish. Canned sardines 
were used much of the time because they 
resulted in good catches and were conven- 
ient to use in the field. However, regardless 
of the kind of bait, it was attractive to 
the turtles only when fresh Tainted bait 
greatly reduced the catch, or often resulted 
in no catch. For this reason the bait was 
generally replaced at least every other day. 

Traps were tended at least once each day. 
Captured turtles were shot before removal 
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from the traps. The entire gastrointestinal 
tract was preserved for detailed study. 

Laboratory study of the digestive tracts 
involved repeated washing, screening, and 
flotation of food materials to separate the 
various components and to permit thorough 
search for evidence of birds. Identification 
of bird remains was pursued as far as accu- 
rately possible. For some specimens the 
species and approximate age could be deter- 
mined; in others only the general group to 
which it belonged could be stated and, in 
several cases, the remains did not permit any 
classification other than unidentified bird. 

Information concerning the abundance of 
birds, especially ducks, was recorded from 
the areas where turtles were collected. At 
Corinna Stream, one of the major sample 
areas, studies of breeding pairs of ducks, 
nesting success, and rearing were made by 
observers who were on the area daily dur- 
ing the summer months. 

All habitats studied were acid-water 
marshes located in central and eastern 
Maine. These marshes consisted of shallow 
expanses of warm water with abundant 
stands of emergent and floating vegetation. 
Relatively small proportions of open water, 
sluggish currents, and soft bottoms were 
typical. 


RESULTS 


A total of 171 turtles was collected from 
eight areas. Food was present in 157 speci- 
mens used for this discussion. The colon 
was the most valuable portion of the gastro- 
intestinal tract for studying foods eaten. Al- 
most all of the colons contained food, 
whereas many of the stomachs were empty. 
Food items in the colon included entire 
leaves and shoots of plants, fish bones and 
scales, whole insects, mollusks, and bones 
and feathers from birds. Generally much 
of the material in the upper portion of the 
colon was not as finely broken as that in the 
lower portion. The latter frequently con- 
sisted of vegetation reduced to a mucky 
mass, but containing fish scales, bones, 
feathers, parts of insects, and other hard ma- 
terial. A summary of the frequency of oc- 
currence of the major groups of foods is pre- 
sented in Table 1. 

Plants were found most frequently and 
also made up a high percentage of the vol- 
ume. Some individuals contained over 700 


c.c. of vegetation. Fish, insects, mollusk 
and amphibians varied in frequency of g. 
currence much more than did vegetation 
Abundant plant life was characteristic of all 
areas from which turtles were taken. Hoy. 
ever, the abundance of other foods varieg 
considerably, not only by areas, but in the 
same area under different water levels. 

Bird remains were found in about one 
of every four turtles. Forty-two specimens 
contained evidence of a minimum of 59 
birds including 25 ducks, 11 grebes, 3 rails 
and 13 unidentified birds. The ducks were 
represented by 7 black ducks (Anas rub. 
ripes), 5 ring-necked ducks (Aythya col. 
laris ), 3 golden-eyes (Bucephala clangula) 
2 wood ducks ( Aix sponsa), 2 blue-winged 
teals (Anas discors), 2 surface-feeding 
ducks of unknown species, and 4 unidenti- 
fied ducks. While most of the duck remains 
were from young birds up to six weeks of 
age, at least three adults were positively 
identified. 

In most instances evidence of only a 
single bird was found. However, one 31- 
pound turtle had consumed five birds in- 
cluding one ring-necked duck, one golden. 
eye, and three pied-billed grebes (Podilym- 
bus podiceps). A 24-pound specimen con- 
tained two black ducks, one unidentified 
surface-feeding duck, and one grebe. Four 
additional turtles, ranging in size from 11 to 
41 pounds, had each eaten two birds. 

Thirty-seven of the birds taken could be 
classified as either those that habitually feed 
on the surface or in the shallows, or birds 
that usually dive to feed in deeper water. 
The two groups are about equally repre- 
sented. However, among the ducks, sur- 
face-feeding species were taken almost 
twice as often as divers, although both 
groups were well represented on the areas 
studied. 


Discussion 


In examining gastrointestinal tracts, there 
is always the question as to how much of the 
material represents carrion. There was no 
way to determine this from the evidence at 
hand. However, field observations of tur- 
tles actually catching birds, together with 
this reptile’s preference for fresh food, con- 
stitute strong circumstantial evidence that a 
noteworthy proportion of this material very 
likely resulted from direct predation. Ex- 
periments reported by Lagler (1943) and 
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TABLE 1. — SUMMARY OF SNAPPING TURTLE Foop HAsitrs BY AREAS 








Frequency of Occurrence; Per Cent Occurrence in Brackets 














Corinna Pocamoonshine Scammon Misc. 
1949 1950 1951-53 1950 1953 Areas Totals 
No. Specimens 31 59 bg 14 25 ll 157 
Vegetation 26 51 12 13 18 6 126 
(84) (86) (71) (93) (72) (55) (80) 
Insects 25 48 3 7 5 5 93 
(81) (81) (18) (50) (20) (46) (59) 
Mollusks 26 23 5 2 Z 1 59 
(84) (39) (29) (14) (8) (9) (38) 
Fish 18 35 8 12 22 8 103 
(58) (59) (47) (86 ) (88 ) (73) (66) 
Amphibians 1 23 0 0 0 l 25 
(3) (39) (0) (0) (0) (9) (16) 
Birds 13 10 5 4 8 2 42, 
(42) (17) (29) (29) (32) (18) (27) 
Misc. vert. 4} 2 2 0 > o 12 
(13) (3) (12) (0) (8) (18) (8) 
| Unidentified 
2 Muskrat 


Alexander (1943), as well as the experi- 
ences of those who trapped turtles during 
the present study, have demonstrated a 
preference by this reptile for fresh food 
when available. While it is felt that much 
of the material represents kills by the rep- 
tiles, it should be borne in mind that un- 
doubtedly a few of the birds died from 
other causes. 

The highest incidence of birds in turtles 
occurred at Corinna Stream in 1949 when 
the water was very low. The density of 
birds and of turtles, when expressed in 
terms of number per acre of surface water, 
was high (Table 2). Thirty-one usable 
turtle specimens were taken during a 9-day 
period representing 54 trap nights. Thir- 
teen, or 42 per cent, of these contained a 
total of 18 birds. 

During the following season, water levels 
were higher at Corinna Stream, although 
still below normal. The density of birds and 
of turtles was slightly less. The incidence 
of birds in turtles dropped sharply. The re- 
sults suggested that predation might be cor- 
related with habitat conditions and that the 
incidence of predation decreases during 
high water levels when, as a rule, more 
favorable rearing habitat is provided for 
aquatic birds. However, further data from 
Corinna Stream in years when high water 
increased the surface acreage to three times 
that of 1949 and 1950 indicate that preda- 


tion was still common. Only a small sample 
of turtles was taken during seasons of high 
water, yet about one in every three had 
eaten birds. The turtle population no doubt 
was much less than during previous years, 
since 106 specimens totaling 2,103 pounds 
had been removed in 1949 and 1950. 

Similar results were obtained from Scam- 
mon Pond. This marsh is a State Game 
Management Area, and the water level was 
carefully regulated to maintain conditions 
considered optimum for duck broods. Of 
25 turtles taken in 13 days, 8 (32 per cent) 
contained evidence of 10 ducks and 2 
grebes. There are no data to compare this to 
the incidence of birds in turtles in the same 
area under conditions of low water levels. 

An attempt was made to study a third 
area that was much larger than Corinna 
Stream or Scammon Pond. This marsh, 
known as the Pocamoonshine—Crawford 
Lake Thoroughfare contains close to 2,000 
acres and is a productive waterfowl-breed- 
ing marsh. The 1950 population of breeding 
ducks was about one pair per 30 acres. Only 
14 turtles could be collected, despite inten- 
sive trapping efforts. No ducks were found 
in the digestive tracts, but 4 grebes were 
present in 4 of the 14 specimens. Despite 
the fact that snapping turtles are frequently 
seen on this marsh, in contrast to a paucity 
of sight records in the other areas, the turtle 
population is believed to be relatively low 
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TaBLe 2.— A COMPARISON OF FREQUENCY OF OCCURRENCE OF Birps In TurTLE DIGEsTIVE Tracts py 
AREAS 
; ——_ Per Cent ‘Breakdown 
Study Area Density! No. ccur. of Birds 
Habitat Turtle Density Ducks  Grebes Turtles2 of Birds Found 
Corinna 1949 Catch = 1:8.0 A. 1:6.5 1:25 31 42 9 ducks 
Plants—abundant Trap success acres acres 5 grebes 
Fish—abundant locally 1 turtle / 1.6 1 rail 
Water—very low trap nights for 3 unident, 
Other birds3—very 9 days 
common 
Corinna 1950 Catch = 1:4.0 A. 1:8.0 1:35 59 17 4 ducks y 
Plants—abundant Trap success acres acres 7 unident, 
Fish—abundant locally 1 turtle / 4 trap 
Water—low, but higher nights for 30 days 
than 1949 
Other birds’—very 
common 
Corinna 1951-53 Catch = 1:100A. 1:30 Prob. 17 29 2 ducks 
Plants—abundant Trap success 1 acres close 3 unident, 
Fish—abundant turtle / 40 trap to 1:100 
Water,very high, nights for 55-60 acres 
surface acreage days 
increased 3 times 15 ducks 
Other birds3—very Total Corinna 107 29 5 grebes 
common 1 rail 
13 unident, 
Pocamoonshine 1950 Catch = 1:130 A. 1:30 Believed 14 29 4 grebes 
Plants—very abundant Trap success 1 acres fairly low 
Fish—very abundant 1 turtle / 4 trap 
Water—high nights for 8 days 
Other birds?—common 
Scammon Pond Game Mgmt. Catch = 1:12 A. 1:20 Believed 25 32 10 ducks 
Area 1953 Trap success 1 acres low 2 grebes 
Plants—very abundant turtle / 7 trap 
Fish—very abundant nights for 13 days 25 ducks 
Water—moderately high Grand Total 146 25 11 grebes 
Other birds’—common 1 rail 
13 unident. 
1 Number breeding pairs 
2 Only those with food used 
3 Rails, herons, bitterns 3 
’ 
in comparison to the other marshes studied. periments with captive turtles that were fed 


It is difficult to determine the magnitude 
of such predation upon the duck popula- 
tion of a given marsh. Little is known of the 
size of turtle populations. Also, there are no 
data to indicate the total period during 
which predation may occur. With the data 
at hand some minimum estimates can be 
made. 

Based upon detailed productivity studies 
at Corinna Stream, an estimated 192 duck- 
lings were produced on the area during 
1949. Eight ducklings, or about four per 
cent of the estimated population of duck- 
lings, plus one adult duck, were taken by 
turtles during a 9-day period. However, ex- 





ducks and killed at intervals after feeding, 
indicate that evidence of ducks may remain | 
in the digestive tracts as long as 12 days. | 
Thus, the period sampled by the specimens | 
examined includes at least 21 days. The 31 
specimens, representing a 21-day feeding 
period, yielded four per cent of the esti- 
mated total duckling population. But, if we 
assume that the residual turtle population 
was also taking ducks at the same rate dur- 
ing the sample period, the probable mor- 
tality among ducklings is much greater. 


bic 


For the Corinna Stream study area a con- | 





servative estimate of the remaining turtle 
population can be made. Despite the fact 
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that during 1949, one turtle was taken for 
every eight acres of surface water, 73 ad- 
ditional specimens were taken in 1950. 
Trapping was discontinued in 1950 only be- 
cause of a lack of time and the fact that 
some broods were awing. Trapping success 
was still high when collection ceased. These 
data would indicate that at least 100 turtles 
were present during 1949, and probably 
very many more. If we assume, for purposes 
of this discussion, that the residual turtle 
population after collections in 1949 was 70 
individuals and that they preyed upon duck- 
lings at the same rate of those captured, 
mortality of ducklings during the 21-day 
sample period is calculated at about 13 per 
cent of the estimated duckling population. 

At Scammon Pond 10 ducks were taken 
by turtles during a 25-day sample period. 
The estimated duckling population was 100, 
thus indicating known mortality of 10 per 
cent. Considering that a sizeable residual 
turtle population was also present at this 
area, the actual loss was probably much 
higher during that period. 

During the present investigation it was 
possible to study only a few areas where 
turtles and ducks were abundant. There is 
need for further investigation in regions 
where a greater variety of habitats can be 
studied with varying densities of ducks and 
turtles. There is also need for more details 
concerning the density of these reptiles and 
simple methods for appraising their abund- 
ance. It became apparent during the pres- 
ent investigation that observation of snap- 
ping turtles was not a clue to their abund- 
ance under the conditions studied. At Cor- 
inna Stream less than two dozen sight rec- 
ords of turtles were accumulated by observ- 
ers who were on the area daily during two 
summers, yet during that period over a ton 
of snapping turtles (106 individuals) was 
removed during 39 days of trapping. The 
degree of utilization of gravel and sand 
banks for nesting grounds adjacent to the 
marsh seemed to offer a better indication of 
the local abundance of these reptiles. 


The results from the areas studied suggest 
that sizeable losses to waterfowl and other 
birds may be expected in some habitats. 
But it should be emphasized that this study 
was designed to investigate environments 
where predation would be expected to be 
highest if it occurred at all. In Maine there 
appear to be few areas where both ducks 
and snapping turtles are actually abundant. 
Widespread control of snapping turtles 
would be both impractical and undesirable. 
Control on a local basis or in marshes under 
intensive management for waterfowl pro- 
duction may be worthwhile, especially if 
other predators are also controlled. 


SUMMARY 


The gastrointestinal tracts of 157 snap- 
ping turtles taken in central and eastern 
Maine during the waterfowl brood season 
were examined. About one in every four 
turtles (27 per cent) contained evidence of 
birds. Up to 13 per cent of the estimated 
duckling population was taken by turtles 
during sample periods of 25 days or less. 
Significant mortality of ducklings is be- 
lieved to be limited to local areas where 
both turtles and ducklings are abundant. 
Widespread control of snapping turtles is 
not recommended. Control on areas man- 
aged intensively for waterfowl production 
appears desirable if other predators are also 
controlled. 
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THE REPRODUCTION OF CHANNEL CATFISH IN MISSOURI PONDs 


Richard C. Marzolf' 


Missouri Conservation Commission 


In Missouri, as in many parts of the 
United States, the channel catfish (Ictalurus 
punctatus ) is highly regarded as a sport and 
a food fish. In many Missouri streams, it is 
the principal hook-and-line fish. When 
ponds are built, the owners almost invari- 
ably request that catfish be included in the 
initial stocking provided by the Conserva- 
tion Commission. However, it has been 
generally conceded that the channel cat- 
fish will not reproduce naturally in small 
ponds. Since the purpose of stocking 
is to provide a self-sustaining fish popula- 
tion, channel catfish are not planted in farm 
ponds, but the demand for such plantings 
continues. In 1952, a project was initiated 
to determine the conditions necessary for 
and to devise methods to encourage the ef- 
fective natural reproduction of channel cat- 
fish in ponds. The study was undertaken 
with funds from the Federal Aid to Fish 
Restoration program under Missouri's Din- 
gell-Johnson Project F-1-R. 


Review oF ACTIVITIES 


Eight ponds were studied during 1952. 
Nesting sites were provided in the form of 
wooden nail kegs placed about the pond 
margins. Spawning occurred in five ponds. 
Fingerling catfish were present in three 
ponds in October. 

During 1953, 19 ponds were used in the 
project. Twelve newly acquired ponds were 
included along with seven of the eight 
ponds used in 1952. Seven ponds were 
stocked with brood fish from the Mississippi 
River. Reproduction occurred in one of 
these ponds. The remaining 12 ponds con- 
tained resident populations of mature cat- 
fish or were supplied with adult fish from 
Commission-owned fishing lakes. Repro- 
duction occurred in seven of these 12 ponds. 
Altogether, reproduction occurred in eight 
different ponds. The number of spawns 


1Richard C. Marzolf died on July 8, 1955. This 
paper was prepared from his progress reports and 
notes. Edited by John L. Funk, Missouri Conserva- 
tion Commission, Columbia, Mo. 
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(egg masses ) per pond ranged from two ty 
seven. Fingerlings were present in four of 
the eight ponds in October 1953. 

Twenty ponds were used in the project jn 
1954. Six newly acquired ponds were jp. 
cluded along with 14 ponds from the 1953 
season. Mature catfish from Commission. 
owned fishing lakes were introduced into 
the six new ponds. All ponds shrank in yol. 
ume and surface area due to continued 
drought. Losses in surface area ranged from 
20 to 75 per cent, depending on the location 
and physical characteristics of the pond. In 
spite of the low water conditions channel 
catfish spawned successfully in 18 ponds, 
and a total of 79 spawns was deposited, 
Fifty-five spawns hatched successfully in 
16 of the ponds. Fingerling catfish were 
present in 11 ponds in October 1954. 

In 1955, observations were continued on 
14 of the ponds used in 1954. Spawning oc. 
curred in 13, and a total of 51 spawns was 
deposited. Data on hatching and survival 
are incomplete. 

The ponds used in this project were lo- 
cated in the vicinity of Columbia, Missouri, 
and on the Conservation Commission’s Av- 
gust A. Busch Memorial Wildlife Area near 
St. Louis. They were all small, ranging in 
surface area from 0.05 to 2.5 acres. The av- 
erage size was somewhat less than one-half 
acre, which is about average for Missouri 
farm ponds. Spawning, hatching, and sur- 
vival of fry occurred in both the largest and 
the smallest pond. Most of the ponds were 
of poor quality, and a large number taken 
into the project were later abandoned. This 
was not necessarily an example of poor judg- 


ment in selection of ponds; rather it wasa 7 


question of using poor ponds or none at all. 


NESTS 


A survey of the literature on the repro- 
duction of channel catfish revealed that a 
basic requirement for spawning was a suit- 


able nesting place which the fish could enter | 


and deposit the eggs. In this study ordinary 
wooden nail kegs proved the most satisfac- 
tory type of nest. They were placed singly 
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about the margins of the ponds at different 
depths and in different situations. In 1952, 
single spawns were deposited in four ponds 
and four spawns were found in a fifth pond. 
There were no indications of nesting at- 
tempts in the remaining three ponds. 

Although nail-keg nests seemed to be sat- 
isfactory in most ponds, they were not util- 
ed in relatively clear waters (Secchi disc 
reading of 60 inches or more). The fact that 
brood fish in these clear ponds ranged from 
94 to 30 inches in length and were known 
to be sexually mature suggested that the 
nests were inadequate in some respect. 
Semidarkness and seclusion appear to be 
characteristic of catfish nests under natural 
conditions, but the interior of an 18-inch 
nail keg in clear water is so well-lighted that 
it may discourage nesting attempts. Fur- 
ther, a 30-inch fish nesting in a single keg 
would be subject to direct illumination dur- 
ing daylight hours. 

Accordingly, in 1953 artificial “logs” were 
made from various sizes of kegs by knock- 
ing out the bottom of one keg and partially 
telescoping it into a larger keg. Several 
nests were made two “kegs” long and a few, 
three “kegs” long. A four-inch square hole 
was cut in the side of the rear keg and cov- 
ered with a rubber flap to serve as a door. 
This door was placed uppermost and by 
opening it carefully the nest could be 
checked by sight or touch, usually without 
disturbing the parent fish. 

The long nests and short nests were 
placed in six different ponds, each pond 
having about twice as many short nests as 
long ones. Both types were placed in like 
situations. Twenty spawns were deposited 
in these six ponds; 15 (75 per cent ) were de- 
posited in the long-type nest. This prefer- 
ence was evident in turbid as well as clear 
ponds. Further, examination of the spawn- 
ing dates (nests were checked every other 
day ) revealed that in every case the spawns 
in the single kegs were laid while the long 
nests were occupied and unavailable in that 
particular pond. In three ponds the single 
kegs were completely ignored, while five of 
the double- or triple-type nests were used 
twice. The second spawn was laid imme- 
diately after the fry from the first spawn had 
dispersed. Introduction of the long nest ap- 
parently was responsible in one instance, 
and perhaps in a second, for encouraging 
spawning where none had occurred the pre- 


vious year despite the presence of a num- 
ber of single-keg nests and fish known to be 
sexually mature. 

In 1954, 36 nests were divided among 
eight ponds according to the number of 
spawns that might be expected. Nineteen of 
these nests were the long type and 17 were 
the short type. The two types of nests were 
present in nearly equal numbers in each 
pond. Twenty-one spawns were deposited 
in the long nests, while the short nests ac- 
counted for three spawns. In the instances 
where spawns were laid in the short nests, 
there is reason to believe that all the long 
nests were occupied or at least being de- 
fended. A nest made from two kegs seemed 
to be about the optimum length. Extra long 
nests made of three kegs were used, but the 
egg mass usually was deposited in the center 
keg rather than the rear. 

Although it can definitely be stated that a 
long nest is preferred to a short nest, there is 
another aspect of nest preference that re- 
mains unexplained. The total number of 
nests used in 1954 was 81. The number of 
spawns laid in these nests was 72. However, 
31 nests were not used for spawning. Thirty 
nests were used once, 18 twice, and two 
nests were used three times during the 
season. In every pond there seemed to be 
some nests or sites that were especially de- 
sirable and some that were ignored. The 
reasons for this discrimination are not 
known. 

Nests of other types, including wooden 
boxes and drain tile, were tried out in the 
early years of the experiment. None proved 
effective as spawning sites, and the num- 
ber used was gradually decreased. On sev- 
eral occasions wooden boxes were cleaned 
by male catfish, but only once was a spawn 
deposited in one. It hatched successfully in 
1954. 


Broop STOCK AND SPAWNING 


Fishing lakes operated by the Missouri 
Conservation Commission are stocked with 
channel catfish at the rate of 25 per surface 
acre. This rate was arbitrarily selected for 
stocking the experimental ponds. However, 
it was not always adhered to. Some ponds 
contained established populations of chan- 
nel catfish whose number could be deter- 
mined only very roughly by sampling. In 
some very small ponds it seemed desirable 
to stock at a higher rate so that enough of 
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both sexes would be sexually mature. 
Whenever possible, an attempt was made to 
secure approximately equal numbers of 
males and females. 


River Fish 


Two ponds were stocked in 1952 with 
channel catfish obtained from the Missis- 
sippi River. Successful reproduction oc- 
curred in one pond stocked just before the 
spawning season. The other was stocked 
too late in the season to expect results and 
was not included in the summary of 1952 
activities. In 1953, five more ponds received 
river fish just prior to the spawning season. 
Reproduction occurred in only one of the 
five newly stocked ponds and in neither of 
the two ponds stocked in 1952. 

On June 19, 1953, the two 1952 ponds 
were seined to see if the adult fish were in 
spawning condition. This brought to light 
a rather unusual situation. The male catfish 
showed normal sexual development extern- 
ally, having the protruding genital papilla, 
the dark color, and the swelling in the head 
region. The females lacked the prominent 
belly and swollen red vent that usually indi- 
cates a ripening female. Nine fish from one 
pond were cut open for internal examina- 
tion. The four males had well-developed go- 
nads with large white fimbriations appar- 
ently capable of producing milt. Four of the 
females had not developed visible eggs at 
all. The ovaries were dull orange, semi- 
transparent, and granular in appearance. 
The fifth female had enlarged ovaries con- 
taining yellow eggs still attached to the 
ovary wall. It is possible that this fish would 
have spawned later in the season. 

On June 16, 1953, the manager of a com- 
mercial catfish hatchery reported a similar 
occurrence. He had imported two dozen 
brood fish from Lake Pepin in the fall of 
1952 and found no spawns by the middle of 
June 1953. I examined seven of these fish 
and found the males normal in all respects, 
gonads were well developed with large fim- 
briations, but the females were not devel- 
oped at all. The manager of the hatchery 
said this condition existed in the entire lot 
of fish. 

It appears that river fish require a con- 
siderable length of time to become accli- 
mated to pond conditions. During this per- 
iod the normal sexual cycle is interrupted, at 
least in the females. 


Pond-reared Fish 


The use of pond-reared brood stock has 
been fairly satisfactory. Four of the ponds 
used in 1952 contained established popula- 
tions of adult channel catfish. Spawning oc. 
curred in two of these ponds. In the two 
in which no spawns were deposited there 
was reason to believe that the number of 
adult catfish was very small. Three ponds 
were stocked with adult catfish obtained 
from Commission-owned fishing lakes just 
prior to the spawning season. Single spawns 
were deposited in two of these ponds. 

In 1953 spawning occurred in seven of 12 





ponds stocked with pond-reared fish, 4 | 
| of the 


total of 27 spawns was recorded. Channel 
catfish in six of the seven ponds in which 
reproduction occurred had been stocked 
from one to six years before the spring of 
1953. On the other hand, fish in the five 
ponds in which no reproduction occurred 
were all planted in the fall of 1952. Spawn- 
ing did occur in one pond stocked in the 
fall of 1952. It was also observed that the 
ratio of spawns to adult fish increased in the 
second year in several ponds. This increase 
could have resulted from the fish becom- 
ing accustomed to the change in diet and 
surroundings which resulted from transfer 
to a different body of water. 

The five ponds supplied with pond-reared 
brood stock in the fall of 1952 were seined 
on June 19, 1953. Examination of the fish 
disclosed a condition similar to that found 
among the river fish. The males showed 
normal breeding-season development, ex- 
ternally at least, but although the females 
could be distinguished by the appearance of 
the genital openings, they obviously were 
not in breeding condition. As with river 
fish, some sort of acclimatization period 
seems to be required before spawning of 
pond-reared fish will proceed at a normal 
rate. 


The Acclimatization Period 


It became obvious in 1953 that channel 
catfish transferred from one body of water 
to another in the fall of the year were not 
likely to spawn before the second spring 
following the transfer. For want of a better 
term this period of nonreproduction was 
called the “acclimatization period.” It ap- 
peared to be in excess of a year for pond- 
reared fish and at least two years for river 
fish. This estimate of time required for ac- 
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climatization is substantiated by observa- 
tions at the Missouri Conservation Com- 
mission's Chesapeake Hatchery where river 
fish require about two years to come into 
production. ; : 

Further information about this peculiar- 
ity came to light during 1954. Five ponds 
were abandoned in the fall of 1953. Some 
of the adult fish from these ponds were di- 
vided among two other ponds in which 
water levels were low but not critically so. 
The transferred fish failed to spawn in the 
spring of 1954. River fish stocked in 1952 
produced no spawns in 1953 and a limited 
number in 1954. Thus the original estimate 
of the time required for pond-reared and 
river fish to become acclimatized appears to 
be correct. 

Although the acclimatization period is not 
mentioned in the literature, the above obser- 
vations may shed some light on conflicting 
statements of fish culturists concerning the 
necessity for holding brood stock in running 
water prior to spawning. At some hatcher- 
ies it is considered essential to condition the 
fish in water currents and at others this is 
never done. More than likely, results de- 
pend upon the source of the brood stock 
(stream, lake, or domesticated) and the 
length of time the fish have been held at the 
hatchery. 

As was mentioned above, transfer of river 
fish to ponds immediately prior to the 
spawning season might be followed by some 
reproduction. After this initial spawning, 
however, a period of acclimatization similar 
to that for river fish planted in the fall was 
necessary before further reproduction could 
be expected. In 1954, this procedure was 
tried with pond-reared fish. During April, 
May, and June, 107 mature channel catfish 
were transferred from fishing lakes to ex- 
perimental ponds. Sex was determined for 
each fish, and there were about 50 pairs. 
These 50 pairs produced 27 spawns during 
the season. This is reasonably good produc- 
tion. 

All ponds in use in 1955 contained pro- 
perly acclimatized brood stock. Of 14 ponds 
under observation, spawning is known to 
have occurred in 13, and the number of 
spawns ranged from one to 12. 


Spawning Period 


Spawning occurred during the last two 
weeks of June in 1952. In 1953 the first 


spawn was observed on May 30 and the last 
on July 13 with a total of 29 spawns re- 
corded. There seemed to be two peaks in 
spawning activity. The first occurred the 
first week in June and the second came in 
the last week in June. The first spawn in 
1954 was found on May 26 and the last on 
July 21 with a total of 79 spawns recorded. 
As in 1953, there seemed to be two peaks in 
spawning activity: the first occurred the 
second week of June, and the second, the 
last week in June. 


HATCHING SUCCESS 


Of the eight spawns deposited in 1952, 
one disappeared during the fourth day of in- 
cubation and the remaining seven hatched 
successfully. The fry remained in the nests 
for seven to eight days and then dispersed 
into the pond. 

Twenty-five of the 29 spawns produced 
in 1953 hatched successfully. Four spawns 
were known to have been destroyed before 
hatching. Two of these were lost as a direct 
result of disturbance by livestock or humans 
wherein the nest was moved, the male fish 
frightened away, and the egg mass either 
scattered or crushed. It is believed the third 
spawn was destroyed by either the male or 
the female fish because of disturbance by 
observers around the nest. The reason for 
the disappearance of the fourth spawn is not 
known. 

In 1954, 79 spawns were produced and 55 
(about 70 per cent) hatched. This is con- 
siderably lower than the success in 1952 and 
1953 when 86 and 87 per cent, respectively, 
hatched. There was a considerable amount 
of multiple use of nests during the 1954 
spawning season, wherein two or sometimes 
three spawns were laid in the same nest. In 
several nests it was observed that the sec- 
ond spawn was laid six to eight days after 
the first spawn had hatched. Fry normally 
remain in the nest about seven days and are 
defended by the male fish. It would appear 
that the second spawn was laid immediately 
after the nest was no longer defended by the 
protector of the first hatch. In some in- 
stances a few scattered fry were found 
swimming about the fresh spawn. With the 
thought that competition for nests may have 
influenced hatching success, the relative 
success of the first and second spawns was 
calculated. Twenty-one nests were used 
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more than once during the season. It was 
found that 62 per cent of the first spawns 
hatched as did 71 per cent of the second 
spawns. In the two instances where a third 
spawn was laid, one was successful and the 
other failed to hatch. In those nests in 
which only one spawn was laid during the 
season the rate of hatching was 75 per cent. 
Apparently multiple use of nests may re- 
duce hatching success and when more than 
one spawn is laid the first is somewhat less 
likely to hatch than the second. 


SURVIVAL 


Survival of young through the first year 
seems to be the chief problem in establish- 
ing self-perpetuating populations of chan- 
nel catfish in ponds, since it has been dem- 
onstrated that adequate spawning and 
hatching can be assured by providing prop- 
erly acclimatized brood stock and suitable 
nests. 


Information on survival to the end of the 
first growing season is limited by lack of a 
satisfactory method for censusing fingerling 
channel catfish. In search for an effective 
method, various devices were tried. The 
water in the ponds was seldom clear enough 
to permit the use of conventional electric 
shocking devices. “Telephoning” has been 
reported to be successful with catfish of all 
sizes. However, results from the use of a 
telephone generator were unsatisfactory. 
Attempts to trap fingerling catfish were un- 
successful. Fingerlings in aquaria fed read- 
ily on cheese, cheese bait, meat, and sour 
corn, but screen-wire minnow traps baited 
with these failed to take a single catfish in 
three weeks of trapping during August 1953. 


A seine of 1/4-inch mesh, 100 ft. by 10 ft., 
has proved to be the most effective sampling 
device, but it has numerous disadvantages. 
Rough, irregular pond bottoms allow many 
fish to escape, and the accumulation of 
semifluid bottom mud prevents extensive 
seining. Different methods of seining used 
indicate that both fingerling and adult chan- 
nel catfish are found in the deepest part of 
the pond in daylight hours. In most cases it 
was necessary to attach extra weights to the 
lead line to capture even a few fish. Since 
the number of fingerling catfish taken by 
seine was not considered a representative 
sample, no estimates of fingerling abund- 


ance were made; only presence or absence 
were recorded. 

There seemed to be a direct correlation 
between survival and turbidity. Two of the 
three ponds in which fingerlings were found 
in the fall of 1952 were turbid. In 1953 foy, 
of the eight in which spawning occurred 
were turbid and of this number three cop. 
tained fingerlings, whereas only one of the 
four comparatively clear ponds contained 
fingerlings. The correlation between sy. 
vival and turbidity was most definite 
in 1954. Thirteen ponds with successfy] 
hatches were turbid; 11 contained finger. 
lings in the fall. None of the three clear 
ponds in which hatching occurred produced 
fingerlings. If an arbitrary line is drawn at 
a 20-inch Secchi disc reading, it can be said 
that fingerlings usually will be found in 
ponds showing less than a 20-inch reading 
(more turbid ) and will be lacking in waters 
showing more than a 20-inch reading. It is 
assumed that the turbid water furnishes 
cover for the fry and fingerlings. Further. 
more, aquatic plants, lacking in turbid 
ponds, almost always invade clear water, 
and stands become quite dense. Although 
heavy stands of vegetation are commonly 
believed to furnish cover for fish, they may 
actually be a trap for catfish fry seeking 
concealment. Such plant beds often contain 
enormous numbers of predaceous insects 
and insect nymphs which may feed upon 
the fry. 

This relationship between survival and 
turbidity was noted by Hall and Jenkins 
(1952) in a state-wide study of channel cat- 
fish in Oklahoma. They observed that suc- 
cessful reproduction was usually evident in 
small, muddy bodies of water, but never in 
small, clear ones. 


Channel Catfish Stocked Alone 


Each year several ponds stocked with cat- 
fish alone were under observation. In each 
case, when spawning and hatching occurred 
in these ponds, satisfactory numbers of fing- 
erlings were found when the ponds were 


seined in October. In the two ponds used ‘ 


in the project since 1952, representatives of 
the 1952 and the 1953 hatches were found 
in addition to young of the year when they 
were seined in 1954. It is concluded that 
channel catfish will perpetuate themselves 
without difficulty when they are the only 
species present. In fact, if they are alone, 
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the problem of controlling overpopulation 
and consequent stunting may occur. 


Channel Catfish Stocked 
with Other Species 


Most of the ponds used contained estab- 
lished populations of largemouth bass ( Mi- 
cropterus salmoides) and bluegills (Le- 

omis macrochirus), or largemouth bass 
and redear sunfish (L. microlophus). Sur- 
vival.of young channel catfish was not 
nearly so high in these combination ponds as 
in those stocked with catfish alone. Of four 

nds containing other species in 1952, cat- 
fish spawned in three and hatched in two, 
but fingerlings were found in only one. In 
1953 catfish spawned and hatched in five 
combination ponds, but fingerlings survived 
in only two. Reproduction occurred in all 
combination ponds in 1954, the number of 
hatches ranging from one to 14. In the fall 
young-of-the-year catfish were found in 
eight of the 13 ponds. Since the primary ob- 
jective of this project was to determine why 
channel catfish are not self-perpetuating in 
ponds, this low survival in ponds stocked 
with other species deserves further study. 

Some of the possible causes of poor sur- 
vival in combination ponds are: (1) inade- 
quate production of fry, (2) excessive pred- 
ation, (3) lack of escape cover, and (4) in- 
tensive competition for a limited food sup- 

ly. 

There are indications that the first factor 
mentioned, inadequate numbers of fry, may 
have little bearing on the number of finger- 
lings present in the fall. In Table 1 the num- 
ber of fry produced in various combination 
ponds is tabulated according to whether or 
not fingerlings were found in October. Al- 
though the average number of fry was some- 
what higher in ponds in which fingerlings 
were found, the range in numbers is so great 
as to cause doubt of there being any correla- 
tion. A single spawn of moderate size might 
produce enough fry to populate a large 
pond. 

In regard to predator pressure, it is as- 
sumed that bass make the most serious in- 
roads on small catfish. The larger bluegills 
also may take significant numbers of fry and 
small fingerlings. An example was observed 
in 1954. A seven-inch bluegill was found in 
a nest in company with about 50 one-inch 
catfish. A stomach examination revealed 
that the bluegill had eaten 15 young catfish 
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TABLE 1. — REPRODUCTIVE SuCCEssS, ABUNDANCE OF 

Fry, AND SURVIVAL OF FINGERLINGS IN PONDS 

STOCKED WITH CHANNEL CATFISH IN COMBINATION 
WITH OTHER SPECIES, 1953 AND 1954 








Fry (in 1,000’s) 
Successful Est. No. 





Pond Year Hatches No. per Acre 
Fingerlings present in October 
Allen No. 2 1953 1 6 10 
1954 2 10 18 
Federal Aid No. 10 1953 4 40 160 
1954 3 15 120 
Sycamore 1954 4 32 70 
Wheatfield 1954 7 70 100 
South Firetower 1954 3 24 100 
North Firetower 1954 3 30 55 
Fisheries B 1954 3 15 7.5 
Cattail 1954 4 20 200 
E-8 1954 1 15 45 
No fingerlings found in October 
E-8 1953 2 30 63 
R. B. Price 1953 5 100 40 
1954 14 140 185 
Allen No. 3 1954 ; 9 27 
Old Folks 1953 2 10 66 
Fisheries C 1954 3 30 60 
Sawmill 1954 1 9 18 
Lenorah 1954 1 5 95 





prior to capture. The role of the adult cat- 
fish as a predator is not known. There is no 
evidence to indicate that they are cannibal- 
istic to the same degree as bass. It is said 
that undue disturbance around a nest may 
cause the male to eat the fry, but there is 
nothing to suggest cannibalism once the fry 
have left the nest. However, predatory fish, 
chiefly bass and the larger bluegills in 
ponds, usually constitute a larger percent- 
age of pond populations than they do of 
streain or lake populations. In addition, 
many other aquatic organisms, such as pre- 
daceous aquatic insects and larvae, snakes, 
crayfish, and frogs, are abundant in ponds 
and have been known to prey upon catfish 
fry and fingerlings. 

Cover for fish usually is scarce in a farm 
pond. Streams and lakes will have undercut 
banks, rocky shoals, and tangled masses of 
drift but the pond habitat is undiversified, 
and the fry and fingerling catfish are ex- 
posed to predation. The two forms of fish 
cover that are most common in ponds, tur- 
bidity and aquatic vegetation, have been 
discussed earlier. Turbidity seems to in- 
crease the chance for survival. Aquatic 
vegetation, however, seems to have harm- 
ful effects, possibly because it often harbors 
predators. Artificial cover devices were 
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tried out in 1954. Results were inconclusive, 
possibly because receding water levels 
made it necessary to keep moving the shel- 
ters during the summer. 

Competition for food may be the most 
serious factor limiting survival. It undoubt- 
edly limits fish production in ponds stocked 
with catfish alone. In a typical situation, 
adult catfish are placed in a fallow pond. 
The first year that reproduction occurs sev- 
eral thousand fingerlings will survive until 
fall. The following year survival of young 
will drop to several hundred, and the third 
year only a few hundred young will be 
found. The most reasonable supposition is 
that the food-producing capacity of the 
pond has been reached. It has been re- 
corded that approximately 40,000 fry can 
consume 3,500 pounds of meat scraps in two 
and one-half months (Toole, 1951), so it is 
quite possible for them to make serious in- 
roads in their natural food supply. On the 
basis of food-habits studies made in various 
states and on personal observations in the 
experimental ponds, it is fairly well estab- 
lished that young catfish and all sizes of 
bluegill feed extensively on aquatic insect 
larvae. Thus, when catfish are introduced 
into a pond having an established bass-blue- 
gill population, any fry produced will be 
competing both among themselves and with 
the bluegills for a food supply that is already 
being fully utilized by the bluegills. This 
situation is comparable with the catfish 
ponds where third-generation young are 
competing with first-generation, second- 
generation, and adult catfish for a more or 
less stabilized food supply. 

If food supply alone can limit survival to 
a few hundred catfish per acre, the two fac- 
tors of high predator pressure and lack of es- 
cape cover would allow further inroads on 
the remaining population of fingerlings. It 
is conceivable that fingerlings could be en- 
tirely eliminated in certain situations. 


SUMMARY 


Channel catfish can be induced to spawn 
in ponds by the provision of suitable nests. 
Wooden nail kegs proved to be satisfactory 


as nesting sites. Nests made by partially 
telescoping two kegs of different size, 
proved superior to single-keg nests. Nest 
should be scattered about the pond in , 
variety of situations since some nests were 
used repeatedly while others, in situation; 
equally suitable (to the human eye), were 
ignored. 

Brood fish newly introduced into a pond 
require a period of acclimatization before 
reproduction will proceed at a normal rate. 
The acclimatization period seems to be 
more than one year for pond-reared fish and 
at least two years for river fish. Some 
spawning may be expected from fish trans. 
ferred just prior to the spawning season, but 
after that the regular period of acclimatiza. 
tion is required. The cessation of spawning 
during the acclimatization period appar. 
ently is caused by failure of the females to 
develop sexually. Males appeared to be 
normally developed. In central Missouri the 
spawning season for channel catfish in 
ponds seems to extend from late May to 
mid-July, with two peaks occurring in early 
June and late June. 

Hatching success ranged from 70 to 88 per 
cent during the three years of study. There 
was evidence that multiple use of nests re. 
duced hatching success and that the first 
spawn was somewhat less likely to hatch 
than the second when a nest was used twice. 
Survival of young through the first year ap- 
pears to be the chief problem in establishing 
self-perpetuating populations of channel 
catfish in ponds. There seems to be a direct 
correlation between survival and the turbid- 
ity of water. Survival was satisfactory in 
ponds stocked with catfish alone but was 
variable in ponds containing established 
populations of other species. 
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DISTINGUISHING JUVENILE FROM ADULT BOBWHITE QUAIL 


Arnold O. Haugen 
Alabama Cooperative Wildlife Research Unit,’ Auburn, Alabama 


Information on the percentage of young 
among quail (Colinus virginianus) har- 
vested by hunters is useful in quail man- 
agement. Reasons for high or low popula- 
tions of quail may be better understood 
with such information at hand. In some 
years the data may provide justification for 
continued open seasons, despite poor hunt- 
ing success early in the season. 

The separation of juvenile and adult 
bobwhite quail has been based primarily 
on wing-feather characteristics. Dwight 
(1900) apparently was the first to make an 
intensive study of plumage changes in quail. 
He reports that the two distal primaries in 
all quail and grouse are retained in the post- 
juvenal molt, but he makes no mention of 
how these feathers differ from those on 
older birds. Stoddard (1931) calls atten- 
tion to the shape of the outer two pri- 
maries as a criterion for separating young 
(pointed ) from older birds (blunted). Van 
Rossem (1937) reports that the juvenal pri- 
mary coverts in native quail are retained un- 
til the first annual molt the second fall 
(about August). Leopold (1939) reports 
that the buffy fringe on the tip of greater 
upper primary coverts 1 through 7 (count- 
ing from inside—outward) provides the 
best means for identifying young of the 
year. Thompson and Kabat (1950) made 
detailed studies of the molt of bobwhite 
~< and enumerated some irregularities in 
the wing molt of trapped wild birds. 

Studies on over 11,000 quail in Alabama 
have shown that the degree of marking on 
these coverts and the pointedness of the 
outer two primaries vary sufficiently to in- 
troduce a small error in separating young 
from old. This condition led to efforts to im- 
prove further on techniques for recognizing 
young of the year. Results of that study are 
here reported. 

A total of 7,037 quail wings sent in by co- 
operators during the 1954-55 hunting season 

‘Jointly sponsored by the Alabama Department 
of Conservation, Alabama Polytechnic Institute Ag- 
ricultural Experiment Station, U.S. Fish and Wild- 
life Service, and the Wildlife Management Institute. 


(Nov. 25—Feb. 20) in Alabama was exam- 
ined for age-ratio data. The wings were re- 
ceived in special postage-reply envelopes. 
Age was determined by methods described 
by Stoddard, Leopold, and Thompson and 
Kabat. Young of the year were recognized 
by whitish or buffish tips on the coverts 
(Fig. 1), and by pointedness and slight fad- 
ing of the outer two primaries. A fluores- 
cent light was used to help distinguish the 
faded brownish color of the outer two pri- 
maries in young of the year. Adult birds 
were recognized by the even slatish gray 
coverts, and rounded tips and similar shad- 
ing on all primaries (including Nos. 9 and 
10). Even when all these characteristics 
were used, some quail could not be aged 
with accuracy because of the intergradation 
of characteristics. Such birds were recorded 
as of unknown age. Some birds with juvenal 
coverts had molted primary No. 9; and 
some, with juvenal-appearing primaries 9 
and 10, had coverts so faintly marked that 
age determination remained questionable. 
The degree of pointedness of primaries 9 
and 10 varied considerably. In rare cases 
primaries 9 and 10 were so extremely faded 
(very brown) and worn that it was obvious 
they had not been molted, even in the sec- 
ond fall or postnuptial molt. A few birds 
with all primaries blunt tipped were found 
with a brown terminal edging on the coverts 
and primaries. About 2 to 3 per cent of the 
wings were atypical, with the remainder be- 
ing quite easily separated into young or old. 


AGE OF ATYPICAL WINGS REVEALED 
By Covert No. 7 


Atypical wings that cannot be aged with 
certainty by previous methods can be sep- 
arated into adult and juvenile by observa- 
tions on the general color density, shape, 
and sturdiness of structure of greater upper 
primary covert No. 7 (third from outside ). 

In developing this technique for aging 
atypically marked quail, 578 wings were 
taken without special selection from wings 
mailed in from throughout Alabama during 
January and February 1955. The wings 
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Fig. 1. Wing of juvenile quail with buff-tipped coverts. Most quail coverts are not marked this prominently. Primaries 9 
and 10 on a juvenile quail usually are slightly more pointed than shown here. 


were used to determine age by the usual 
means. This resulted in a breakdown of 33.7 
per cent (195) adult, 63.8 per cent (369) 
juvenile, and 2.4 per cent (14) of question- 
able age. Upper primary covert No. 7 from 
these 578 quail wings was pulled and fast- 
ened onto white cards by a drop of glue on 
the quill. All the (No. 7) juvenal coverts re- 
sembled each other in that they had a uni- 
formly brownish tint; most of them were 
tipped with buffish; and the barbs in the 
vanes had a tendency to separate more eas- 
ily, thereby presenting a ragged appearance 
(Fig. 2). The No. 7 coverts from adults 
were the opposite, in that they were uni- 
formly darker, they had a more sleek ap- 
pearance because the barbs continued to 
stay together better, there was no tip mark- 
ing (except for a faint unnatural dark brown 
color on two feathers ), and most of the cov- 
erts had more whitish downy tipping on the 


basal 15-20 barbs. Among the 14 feathers 
from wings of questionable age, 1 feather 
resembled that of an adult and 13 those of 
juvenile quail. The difference was distinct. 

Feathers from 9 young birds of the year of 
exact known age and from 73 young witha 
bursa all resembled those from 369 birds 
judged to be juveniles on the basis of covert- 
feather characteristics. Eleven birds with- 
out a bursa had typical adult coverts. One 
bird, although it had typically adult coverts, 
still had a bursa one-eighth inch deep as 
measured by probing. 

The No. 7 coverts from 100 slightly atypi- 
cal wings (age characteristics not in full 
agreement or of such development as to 
make age determination slightly question- 
able) were saved from an estimated 5,00 
wings and were studied. Twenty-three of 
the 100 wings appeared to be adult when 
judged on appearance of the No. 7 covert. 
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Fig. 2. No. 7 primary coverts from wings aged by use of buff tipping and shape of the outer two primaries. The fifth 
feather in the questionable group is adult when judged on feather quality, shape, and shading. Note how a single backward 
stroke of a brush mussed up juvenile feathers to a greater extent than did those from adults. 
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However, there was some faint indication of _ coverts, which structurally resembled feath- 
brownish on some of the coverts on 22 of ers of adults, were associated with extra 
these wings. The brownish markings on the marginal brownish markings on several of 
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the primaries. Thompson and Kabat (1950) 
also report finding a few adults with a slight 
buffiness on the tips of the coverts but do 
not mention the apparent relationship of 
this buffiness to the extra buffy marking on 
primaries. It appears that birds that inherit 
brownish edging on the primaries often 
have some brownish markings even on some 
of the postnuptial coverts (coverts that 
adult birds acquire in their molt following 
their breeding season, probably at about 13- 
14 months). The No. 7 covert from the 
other 77 looked like those from juvenile 
birds. 

The reason for selecting No. 7 covert for 
determination of age of atypical wings is 
that it is one of the largest and most sturdy 
coverts and it is usually buff marked in 
young birds. Coverts 8 and 9 were avoided 
because they were found to be more nearly 
similar in appearance in young and old. 
Leopold (1939) similarly observed that 
these two coverts differ less in adult and 
juvenile quail than do coverts 1 through 7. 
The difficulty in pulling the more downy 
and fragile inner coverts (1 through 4) 
make these unsatisfactory for use. Since pri- 
mary covert No. 7 proved dependable for 
age analysis, no serious attempt was made 
to see whether Nos. 5 or 6 could be used sim- 
ilarly. However, in general it appears that 
they can be used to distinguish young of the 
year from older birds. In one bird, covert 
No. 7 had an adult appearance, while the 
adjoining coverts showed juvenal character- 
istics. In this case No. 7 had been prema- 
turely molted. Leopold (1939) found a pre- 
mature replacement of juvenal coverts by 
adult coverts in the postjuvenal molt in 1.2 
per cent of bobwhites. He reports that the 
middle coverts are most apt to be so re- 
placed. Of the three coverts (5,6,7) that 
seem suitable for distinguishing young of 
the year from old birds, covert No. 7 is the 
farthest from the center of the wing. 


The most rapid means of separating 
young of the year from adult quail is to do so 
on the basis of buff markings on the coverts, 
and appearance of the outer two primaries 
(shape and shading ). Covert No. 7 need be 
used only where covert markings, pointed- 
ness, and/or shading of the outer two pri- 
maries is indistinct, or where results from 
these older methods do not agree. It has 
been found advisable to use every character 
available for substantiating results. Covert 


No. 7 need be examined on only about 3 or 
4 out of each hundred wings. 

The technique worked satisfactorily , 
11,387 quail wings collected and studied jy 
the 1955-56 season in Alabama. 

It is recommended that the investigato, 
pull a sample of about 25 No. 7 coverts from 
typical juvenal and adult wings and gly 
the feathers in age groups to a white card 
A drop of quick-drying cement on the tip of 
the quill is sufficient for attaching the feath. 
ers. Coverts from birds of questionable age 
can easily be compared to those on the ref. 
erence card. This method should yield de. 
pendable results. The technique has an ad. 
ditional advantage in that workers can make 
up their own reference collection, and cap 
use the coverts to double check results by 


older methods. 


SUMMARY 


Where wing feathers are atypical, there. 
by preventing easy identification of adult 
and juvenile quail by means of previously 
described methods, characteristics of great- 
er upper primary covert No. 7 can be 
used for distinguishing these age groups 
This feather from adult birds is uniformly 
darker, has a sleek appearance because the 
barbs stick together better, and it usually 
has more whitish downy tipping on the 
basal 15-20 barbs. Corresponding feathers 
from birds of the year have a uniformly 
brownish tint, most of them are tipped with 
buffish and the barbs in the vanes separate 
more easily thereby presenting a ragged ap- 
pearance. 
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COMPARISON OF AIR AND GROUND DEER COUNTS IN 
COLORADO' 


Paul F. Gilbert and Jack R. Grieb 


Colorado Game and Fish Department, Denver, Colorado 


The role of aircraft in big-game census 
work has been previously discussed in the 
literature (Buechner, et al., 1951; Petrides, 
1953; Riordan, 1948; Taylor, 1947; and oth- 
ers). However, there is a lack of specific in- 
formation on the accuracy of aerial counts, 
or of research designed to determine cor- 
rection factors for the adjustment of aerial 
counts to ground census. 


Since the aerial technique is an important 
tool of big-game management in Colorado, 
a study was instigated in 1953, with specific 
objectives as follows: (1) to determine the 
ratio between aerial and ground counts of 
mule deer (Odocoileus hemionus hem- 
ionus ) on a given area; (2) to determine the 
variation in this ratio between replications, 
pilots, observers, cover types, and snow con- 
ditions; (3) to evolve factors that will cor- 
rect aerial counts to give ground totals for a 
given cover type and given counting condi- 
tions; and (4) to determine the limiting fac- 
tors of aerial counts and how these counts 


14 contribution from Pittman-Robertson Re- 
search Project W-38-R, Colorado Game and Fish 
Department; Thomas L. Kimball, director, and 
Laurence E. Riordan, Federal Aid coordinator. The 
writers gratefully acknowledge the assistance of the 
following men and agencies in the collection of 
data: U.S. Forest Service personnel; U.S. Fish and 
Wildlife Service personnel; students from the 
School of Forestry, Colorado A. and M. College; 
and our own personnel of the Colorado Game and 
Fish Department. We are especially grateful for the 
cooperation of pilots Norman L. Hughes and Ken- 
ney Millyard along with their observers, Dwight 
Owens and Erv Boeker of the Colorado Game and 
Fish Department; Professor J. V. K. Wagar, head, 
Division of Forest Recreation and Wildlife Manage- 
ment, School of Forestry, Colorado A. and M. Col- 
lege, and Professors Harold W. Steinhoff and Doug- 
las L. Gilbert of the same Division helped in the 
various drives and promoted participation of in- 
terested students. 

The manuscript was critically reviewed, and val- 
uable suggestions given for its improvement by 
Ralph R. Hill, forester, U.S. Forest Service; and Dr. 
Lee E. Yeager, leader of the Colorado Cooperative 
Wildlife Research Unit. 


may be used to gather population informa- 
tion from permanently established “trend 
areas.” 


During the first two years, generally un- 
satisfactory results were obtained mainly 
because the area chosen for study was too 
small and contained too few deer. There- 
fore, in 1955, a new and larger area contain- 
ing many more wintering deer was selected. 
For this reason, the following report will be 
confined mainly to the 1955 work, but will 
bring in pertinent information gained dur- 
ing the previous study. 


Stupy AREA 


The success of an investigation of this 
nature is apparently contingent upon the se- 
lection of a study area that will fulfill three 
requirements: (1) the boundaries must be 
well defined for consistent air and ground 
counting; (2) the area must be small 
enough and provide such visibility that 
ground counts can be made with available 
man power; and (3) it must support a pop- 
ulation of at least 100 deer. The area se- 
lected in 1955, which filled these require- 
ments, was Cedar Ridge (Fig. 1). This 
ridge lies south and west of Parshall, Colo- 
rado, in Middle Park. It is bounded on the 
north by the Colorado River, on the south 
and west by a road, and on the east by the 
Williams Fork River which, through its 
steep canyons and few crossings, serves as 
an excellent place to tally the number of 
deer pushed out by drivers. The area is 
roughly four miles from east to west, and 
two miles from north to south. 

The terrain consists of high rolling ridges 
with numerous rocky outcrops. There are 
pockets of dense Douglas-fir (Pseudotsuga 
menziesii var. glauca) timber on the north- 
facing exposure, and the south-facing slopes 
support sagebrush (Artemisia tridentata) 
with an open over-story of juniper (Junip- 
erus monosperma ). Patches of aspen (Pop- 
ulus tremuloides var. aurea) are scattered 
throughout . 
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Fig. 1. Cedar Ridge Deer Study Area. 


METHODS 

Aerial Counts.—Aerial counts were made 
by recording all animals observed during 
systematic coverage of the entire Cedar 
Ridge area. The actual flying techniques 
were developed by Department pilots 
through years of experience in making sim- 
ilar counts on trend areas. Level portions of 
the study area were strip-cruised, and hilly 
portions were contoured at different eleva- 
tions while keeping the observer in favor- 
able counting position on the slope side. 
Each ridge was worked in this manner, and 
all portions of the area were inspected in an 
effort to obtain a complete count. Flying 
altitudes and methods varied with the ter- 
rain and daily weather conditions. All 
flights were made, when possible, in early 
morning or late afternoon. 

Two separate planes and crews were 
used. Both planes were Supercubs, with pi- 
lot and observer riding in tandem. Super- 
cubs are used exclusively in Colorado’s big- 
game counts because of the superior flight 
characteristics, including excellent climb- 


ing ability and high horsepower. 


The procedure was to make a total of six 
flights within a three-day period immedi- 
ately preceding the ground count. These 
flights were made at the rate of two a day, 
one in the morning and one in the evening, 
with crews alternating the morning and eve. 


ning flights. Flights were scheduled to be- | 


gin at least three days before each proposed 
ground count in order to obtain the desired 
number of flights, and to take care of con- 
tingencies caused by inclement weather. 
Usually, however, bad weather made it 
necessary to run more than two flights on 
those days when flying was possible. 
Comparative counts were made in Jan- 
uary, in February, and in March—the wit- 


ter concentration period when big-game | 


trend counts would normally take place. 


Each crew recorded and reported inde | 
pendently without knowledge of what the | 
other crew had counted. Also, once the | 
flight paths had been ascertained, and the | 


time requirement established, all succeed- 


ing flights were held to a similar time limit 7 


to avoid repeated search in an effort to ob- 
tain a higher count. 
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Ground Counts—Ground counts were 
obtained by the drive method, as described 
by Rasmussen and Doman (1943). These 
workers determined that when an adequate 
number of men are used so that the spacing 
between the drivers is relatively close, very 
accurate results can be obtained. Approxi- 
mately 50 men were used on each drive. 
They were assembled at the western end of 
Cedar Ridge, and then spread out along the 
line by a “Sno-cat.” The drive was started 
by a prearranged signal, and care was taken 
to maintain the correct distance between 
each counter, and to keep a straight front. 
A briefing was held with the crew the night 
before the drive, and again right before the 
drive, and complete and detailed instruc- 
tions given. Each driver counted the deer 
that passed between him and the man on his 
left. The time was noted when the deer 
went through to facilitate sorting out dupli- 
cate observations. 

Five or six counters were posted at van- 
tage points on the east end of the area along 
the Williams Fork River to count all deer 
crossing the Williams Fork and passing out 
of the area ahead of the drivers. In addition, 
two men with radios drove down each of 
the roads on the north and south boundaries 
of the area counting deer pushed out the 
side. 

At the conclusion of the drive, all men 
were assembled and the information col- 
lected personally from each counter. At this 
time duplicate reports were eliminated, and 
the end result was accepted as the best esti- 
mate possible of the total number of deer 
present on the area. It was the personal 
feeling of those participating in these drives 
that a very accurate check was obtained of 
the number of animals using this area. 


RESULTS 


Table 1 lists the results of all air and 
ground counts on the Cedar Ridge area. 
Some of the aerial counts were not accept- 
able for comparison with the ground counts 
for reasons listed in the footnotes of the 
table. These flights were, therefore, elim- 
inated in the final analysis of the data so 
that in effect only ideal flying conditions 
were tested in this study. Obviously, un- 
favorable flying conditions produce results 
that are too variable to be acceptable in 
comparing air and ground counts, or even 
for trend purposes. Therefore, all flights 


TABLE 1.— REsuLts oF AmR AND GROUND DEER 
Counts, CEDAR Rince, 1955 








Date of Ground 
Count 


Ground 
Count 


695 


Aerial 
Count1 


(198 )2 
246 
229 
220 
238 
255 


237.6 


339 
(272)3 
312 
345 
353 
342 


338.2 


331 
365 
(464)4 
(310)5 
374 
359 


357.2 


1 All counts enclosed by parentheses are excluded from 
calculations and averages for reasons given by respective 
footnotes. 

2 First count; area was incompletely covered by crew. 

3 Deer frightened from repeated countings; bunched in 
black timber causing a low count. 

4 Planes were counting directly behind one another this 
flight; all deer standing and easy to see from following 
plane. 

5 Poor air and severe turbulence. 


Pilot 
Number 1 


Observer 


Number 1 





January 15 


Number 2 Number 1 


Average 


Number 1 Number 1 





February 12 690 


Number 2 Number 2 


Average 





March 5 Number 1 Number 1 801 


Number 2 Number 2 


Average 





made in poor air, especially, should be elim- 
inated from compilations of any nature. 

The first series of flights was made in Jan- 
uary by one experienced observer flying 
alternately with two experienced pilots. In 
February and March, flights were made by 
individual crews, and crew members were 
not switched. Counting conditions (snow 
cover ) differed for each month. In January, 
conditions were rated as poor to fair based 
on the fact that south-facing slopes were 
spotted with snow, which made it very dif- 
ficult to see the deer. February conditions 
were rated excellent with almost the entire 
area covered with snow. March counting 
conditions were rated good with most south 
slopes bare. 

The number of animals remained consist- 
ent between January and February counts, 
but increased during the March count. 
Ground observations prior to the March 
count revealed that the deer were beginning 
to show the effects of the winter; therefore, 





36 


more animals were probably forced into 
this area from higher elevations in search of 
food and shelter. 


ANALYSIS 


The accumulated data were statistically 
analyzed to determine the specific object- 
ives previously listed. The results of these 
analyses are given in the following discus- 
sion. 


Accuracy of Counts—Analysis of all aer- 
ial counts by both crews for each month in 
comparison with the respective ground 
count for that month by the Chi-square test 
reveals that the average air-to-ground ratio 
for each month constitutes a good fit. This 
mens that results of the individual crew 
flights were very consistent, and variability 
was low as can readily be seen by examina- 
tion of the monthly standard deviations 
listed in Table 2. Thus, for this area, aerial 
counts will consistently tally the same per 
cent of deer present on the ground, de- 
pending upon conditions when counts were 
made. 

Effect of Different Pilots—The January 
flights using one observer alternately with 
two different pilots permit a limited eval- 
uation of the influence of the pilot on the 
aerial count. A total of two acceptable 
flights was made by Observer 1 with Pilot 
1, and three with Pilot 2. As previously ex- 
plained, comparison of these counts with 
the ground revealed that they were very 
consistent and that variability was low, in- 
dicating that neither of the pilots used in 
this trial significantly influenced the ob- 
servers count. Thus, Observer 1 could be 
expected to count about the same percentage 
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of total deer present on the ground unde 
similar counting conditions with either Di. 
lot. 


Effect of Different Crews.—After the 
January count, crews remained the same fo, 
the next two counts, with Pilot 1 and Ob. 
server 1 working together, and Pilot 2 ang 
Observer 2 working together. Separate 
analysis of the results obtained by each 
crew for both months reveals that Crew 
Number 2 consistently saw about the same 
percentage of deer each flight during both 
months (Chi-square equals 2.884 with 4 
DF). Crew Number 1 did not consistently 
count the same percentage of deer each 
month, but the individual flights were not 
significantly different from each other (Chi. 
square equals 6.508). This indicates that 
counts made by Crew Number 1 were more 
variable than those made by Crew Nun. 
ber 2. 

Since it has been previously shown that 
counts with similar counting conditions for 
each crew can be combined to give averages 
with a good deal of accuracy, it is believed 
that, while more reliability can be placed in 
counts by Crew 2, there is no indication at 
the present that separate correction factors 
should be worked up for each crew. 

Effect of Weather and Snow Conditions. 
—Elimination of flights made under poor 
air conditions including severe turbulence, 
or for other reasons listed in the footnotes of 
Table 1, removes all other important vari- 
ables from these counts with the exception 
of snow cover. Consistency of the counts 
for each month indicates that it is possible 
to count a certain percentage of the deer for 
each type of snow condition. For example, 


TABLE 2. — SUMMARY AIR AND GrouUND REsuLTs, CEDAR RipGE AREA, 1955 








Date of Ground Count 











Item SEE Senn ane — 
January 15 February 12 March 5 
Snow conditions poor to fair excellent good 
Ground count 
No. deer 695 690 801 
Aerial count (both crews ) 
Average no. deer 237.6 338.2 357.2 
95% confidence limits +16.9 +19.3 +25.8 
Standard deviation 12.3 13.9 16.1 
Average per cent of total animals counted 34.2 49.0 44.6 
Average air-to-ground ratio 1 : 2.93 1 : 2.04 1:22.24 
Results of Chi-square test of air-to-ground ratio! 2.381—4 DF 1.950—4 DF 2.032—3 DF 





1 Tabular values of Chi-square 0.5 = 3.665—3 DF 
= 4.878—4 DF 
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in January with poor to fair snow conditions, 
the crews counted an average of 34 per cent 
of the total deer; in February, with excellent 
snow conditions, an average of 49 per cent; 
and in March, when good snow conditions 
revailed, an average of 45 per cent. 

Thus, it is apparent that while aerial ob- 
servers will consistently count a similar per- 
centage of deer present on the study area 
during any given snow cover condition, this 
percentage will vary with different snow 
conditions. Obviously, snow cover has a 
great influence on the accuracy of aerial 
big-game counts. 


Effects of Different Habitat Types ——Be- 
cause visibility varies with cover type, it is 
suspected that the ratio of air-to-ground 
counts will change with differing habitats. 
Since this investigation involved only one 
study area, it was not possible to determine 
differences in air-to-ground ratios. for other 
types. It is planned that the study will be 
continued another year in a different type 
so that this variable may be evaluated. 


Correction Factors.——Results of this in- 
vestigation point out that aerial deer counts 
may be corrected to give an accurate esti- 
mate of ground totals only when similar 
counting conditions prevail. Thus, it be- 
comes necessary to classify counting condi- 
tions in such a manner as to be easily recog- 
nized by the aerial observer. For example, 
with snow conditions similar to those in Jan- 
uary, future counts on the Cedar Ridge area, 
or another approximating it in habitat, could 
be multiplied by the air-to-ground ratio of 
1:2.93 to give an estimate of total animals 
present on the ground. Or, with snow condi- 
tions similar to the month of February, the 
ratio of 1:2.04 would be applied; and for 
March, 1:2.24. Future work will be directed 
toward establishment of a classification of 
counting conditions so that reliable ratios 
can be applied to aerial counts. 

Some may wonder why it is necessary to 
correct aerial counts when the counts in 
themselves may serve a year-to-year trend 
purpose. Actually, however, this study has 
pointed out that unless these counts are 
made under the very same counting condi- 
tions each year, they are not comparable. 
Since counting conditions may vary from 
one day to the next, and the aerial crew's 
work-load does not permit them time to wait 
for ideal counting conditions, it is necessary 


that the results of the trend flights be cor- 
rected to the same level for comparative 
purposes. This is undoubtedly the most im- 
portant use for correction factors since the 
aerial counts are not used as a census 
method over broad areas, but rather as an 
indication of the number of deer present 
on the trend area from one year to the next. 


SUMMARY AND CONCLUSIONS 


This investigation has shown that under 
similar counting conditions, aerial counts 
consistently tally about the same percent- 
age of deer, but that the percentage of deer 
observed will vary, apparently with changes 
in snow cover. Analysis of the data shows 
that a pilot who is experienced in flying deer 
transects does not influence the observer's 
count (at least in this limited study), and 
that while some crews are more consistent 
in their counting than others, their counts 
may be averaged together, under the same 
conditions, to give an accurate estimate of 
deer present. In addition, it appears that 
aerial counts must be corrected on the basis 
of counting conditions to serve as an indi- 
cator of deer numbers on trend areas from 
one year to the next. 

Aerial counts should not be made in poor 
flying weather such as bad air and severe 
turbulence. Nor should counts made by in- 
experienced observers be averaged in with 
other totals, as results of the 1953 study on 
a different area revealed that counts by an 
inexperienced observer averaged 61 per 
cent less than those of an experienced ob- 
server over five trials. Finally, flights should 
be confined to early morning and evening 
when deer are most active. 
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CANADA GOOSE PRODUCTION AT GRAY’S LAKE, IDAHO, 1949-195) 


Paul E. Steel, Paul D. Dalke, and Elwood G. Bizeau 


Idaho Cooperative Wildlife Research Unit? 
University of Idaho, Moscow 


The purpose of this study was to deter- 
mine the productiveness of a Canada goose 
population during 1949-1951. 

A companion paper, “Duck Production at 
Gray's Lake, Idaho, 1949-1951” by Steel, 
Dalke, and Bizeau (1956), describes in 
some detail the physical and biclogical fea- 
tures of Gray’s Lake. No further descriptive 
material of this nature will be included in 
the present paper. This paper is condensed 
from portions of two masters’ theses—one 
by Elwood G. Bizeau, “Factors Affecting 
Waterfowl Production at Gray’s Lake, 
Idaho, 1951,” and the other by Paul E. Steel, 
“Factors Affecting Waterfowl! Production at 
Gray’s Lake, Idaho, 1952.” 


BREEDING POPULATION 


Gray’s Lake is still snowbound when Can- 
ada geese (Branta canadensis moffitti) re- 
turn in the spring to commence another 
breeding season. Feeding areas are limited. 
In 1950 several abandoned livestock winter 
feedyards were used intensively by large 
flocks. In 1951 all feedyards were still occu- 
pied by cattle, and geese were forced to feed 
and rest in a few bare spots in stubble fields. 
Geese are adequately censused during this 
short period of waiting until the marsh is 
sufficiently free of snow for them to start se- 
lecting suitable nest sites. 

Spring counts disclosed approximately 
1,000 geese in 1950 and 800 in 1951. This re- 
duction in population was substantiated by 
the nesting study. If wild geese were to 
breed during their second spring, as one 
might infer from the open-oviduct evidence 
presented by Hanson and Smith (1950:164), 
then about one-third of the spring count 
represents nonbreeding hirds. There re- 
mained about 650 breeders in 1950 and 525 
in 1951. 





1Contribution from the Idaho Cooperative Wild- 
life Research Unit: the University of Idaho For- 
est, Wildlife, and Range Experiment Station; the 
Idaho Fish and Game Department; the U.S. Fish 
and Wildlife Service; and the Wildlife Manage- 
ment Institute cooperating 
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METHODS 


No sampling of goose nests was attempted 
in 1949, since the peak of hatching had al. 
ready passed before field work was begun, 
In 1950 and 1951 an effort was made to 
examine all of the goose-nesting areas at 
Gray's Lake. The entire marsh was first dj. 
vided by artificial and natural boundaries 
into eleven units. The water area of each 
unit was systematically searched by boat 
and the adjacent land by foot. High water 
made it possible to circle the entire marsh 
twice each year by boat in the course of the 
goose-nesting studies. 

To get an approximation of the number of 
goose nests not found on the marsh and ad- 
joining lands, selected areas previously 
searched were again searched thoroughly, 
The results indicated that two-thirds of all 
nests were found on the regular nest search, 


NESTING PERIOD 


Geese commence nesting activities in this 
area before the marsh is free of ice and 
snow. In 1950 the first nest was found on 
April 10, and in 1951 on April 16. The pres- 
ence of newly hatched goslings found in two 
nests on May 11, 1951, indicates that these 
two nests must have been started at least as 
early as April 8, when very little snow-free 
ground existed. 

The peak of nesting occurred about a 
week earlier in 1951 than in 1950, and re- 
flected a somewhat earlier spring. There 
was little overlap between the periods of 
nest establishment and hatching (Fig. 1). 
Craighead and Craighead (1949) reported 
similar sharp peaks for nest establishment 
and hatching of Canada geese on the upper 
Snake River in Wyoming. 

The sharp peaks and short spans of nest 
establishment and hatching, with a mini- 
mum of overlap between the two periods, 
and moulting of flight feathers shortly after 
June 10 suggest that there may be very little 
renesting of geese at Grays Lake. The 
graphs for hatching are based upon 140 suc- 
cessful nests in 1950 and on 118 in 1951. 
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Fic. 1. The number of successful nests of Canada geese in 1950 and 1951 plotted by five-day periods. 


Thirty-three days between nest establish- 
ment and hatching was the figure used to 
project hatching dates back to dates of nest 
establishment, based on an average incuba- 
tion period of 26 days (Kossack, 1947), plus 
seven days for egg laying. 


NEst SITE 


Williams and Sooter (1940) listed six 
features essential to a good breeding ground: 
(1) presence of substantial nest bases, (2) 
nearness of nest site to open water, (3) 
good visibility from the nest, (4) suitable 
brood-rearing area accessible from the nest 
site, (5) grazing area within easy cruising 
range of the nest during the incubation 
period, and (6) an aquatic feeding and loaf- 
ing area easily available from the nest site. 
At Gray’s Lake, geese habitually use muskrat 
houses, haystacks, and grassy, flooded- 
meadow islands as nest sites. All of these 
nest-site types satisfy the above six require- 
ments. 

During the three-year period a total of 380 
nests was found, of which 77 per cent were 
located on muskrat houses. Williams and 
Marshall (1938) reported that, in northern 
Utah, 39 per cent of 95 nests were on musk- 
rat houses and only 37 of a possible 275 
houses were occupied. Apparently, nesting 
geese show no preference between occupied 
and unoccupied muskrat houses. In our 
study, the fact that 63 per cent of all nests on 
muskrat houses were on occupied houses 
only indicates availability and tends to vali- 
date the assumption that availability is 


more of a factor than preference. A floating 
cattail island provides a satisfactory foun- 
dation for a goose nest, but, possibly because 
visibility is impaired, they are not exten- 
sively utilized. Only 2 per cent of our total 
goose nests were found on cattail islands. 
Table 1 summarizes the cover types used 
by 380 nesting geese during the three-year 
study. Four-fifths of all nests were built in 
either cattails or bulrushes or a combination 
of these two major cover types. Apparently 
the type of cover is immaterial so long as the 
basic requirements for nesting sites are met. 


NEst SUCCESS 


Table 2 summarizes the fate of 361 goose 
nests during the three-year study. The ag- 
gregate nest success of 80 per cent was much 
higher than those expressed by other au- 
thors: Dow (1943), 57 per cent; Craighead 
and Craighead (1949), 24 per cent; and 
Sooter (1938), 63 per cent. No one nest-site 
or cover type was especially low or high in 
nest success; however, unused muskrat 
houses are vulnerable to flooding. Slightly 
less than 5 per cent of all nests were located 
on haystacks and only 4 out of 17 haystack 
nests were destroyed. Land nests showed 
essentially the same percentage of success as 
did the marsh nests, varying only 5 per cent 
on either side of the overall nesting success 
of 80 per cent. 

Of all terminated nests, 15 per cent were 
deserted. Incubation was well underway 
at Gray’s Lake when the muskrat-trapping 
season opened. Incubating birds were con- 
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TABLE 1.— Cover Types AND Nest Sires Usep By CANADA GEESE, 1949-1951 




















Land Water 
Muskrat House —— 
Cover Type No. of Nests Island Haystack Field . : i Floating 
Occupied! Unoccupied2 Cattail Islands 
Typha 146 _— _— _— 111 28 7 
Scirpus 90 _— _— _~— 32 58 cor 
Scirpus-Typha 41 —— _— —_— 28 13 es 
Typha-Scirpus 22 —-— — — 17 5 — 
Carex 2 — = ss a 2 sas 
Sparganium 1 —— —_-— —— 1 —— ag 
Juncus 3 3 — _— — —— ates 
Grass 53 52 -— 1 —— — —- 
Sagebrush-Grass 5 5 —_— —— —— — a 
Hay 17 —— 17 —-— -— _— _— 
Totals 380 60 17 1 189 106 7 
(16)8 (4) Tr. (50) (27) (2) 





1 Occupied houses are those that (1) display conical shape, (2) project at least several inches above the water level, anj 


(3) are currently maintained by muskrats. 


2 Unoccupied houses are (1) flattened structures, (2) seldom projecting more than one to four inches above the water 


line, and (3) not currently maintained by muskrats. 
3 Numbers in parentheses are percentages of total nests. 


stantly being flushed from their nests by 
trappers, who visited their traps sometimes 
twice a day. In five instances of desertion, 
the hen had vainly attempted to incubate in- 
fertile eggs. 

Flooding was a destructive factor, es- 
pecially of nests built on unoccupied musk- 
rat houses. Wind and wave action was re- 
sponsible for flooding 12 nests on such 
muskrat houses. None of the 177 terminated 
nests on occupied muskrat houses was thus 
destroyed. 


CLutTcH S1zE AND Ecc Success 


The average clutch size in 1949 was 46 
(36 nests ); in 1950, 5.2 (189 nests), and in 
1951, 5.2 (139 nests). The three-year aver. 
age was 5.2. Extremes in clutch size were | 
and 9, both occurring in 1951. 

The percentage of egg success was 91, 83 
and 88 for 1949, 1950, and 1951, respect. 
ively. The 5 per cent higher egg success in 
1951 over 1950, together with the 11 per cent 
higher nest success in 1950, indicates better 
breeding conditions in 1951. Total egg suc- 


TABLE 2.— FATE OF CANADA GOoosE Nests, 1949-1951, SHow1nc CoMPARISON OF NEST SUCCESS WITH 
Nest Sires UsEp 








No. of Unsuccessful Nests 














Nest Site Destroyed 
Fotal Nests No. of Hen Dead Haystack Per cent 
Terminated Successful Nests Deserted on Nest Flooded Used Nest Success 
Island 60 49 8 eS 3 Sere: 89 
Field 1 1 _—— — — —_— 100 
Haystack 17 12 1 _— —— 4 71 
Cattail island 7 5 2 — sins ‘nti 71 
Occupied muskrat 
house 177 154 23 —— — a 87 
Unoccupied muskrat 
house 99 66 20 1 12 _— 67 
Totals 361 287 54 1 3 4 80 
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TaBLE 3. — AVERAGE HatcH FOR CANADA GEESE AND SUMMARY OF BROOD-CENSUS DATA 








—— 











No. Successful Aver. Average Size Brood by Age Group2 
Year Nests Found Hatch S.E.1 Class I Class II Class III Total Broods 
1949 29 4.2 +.197 4.4 (41)8 4.1 (20) 4.1 (18) 79 
1950 140 4.3 +141 4.5 (29) 2.5 (2) 3.7 (10) 41 
1951 116 4.6 +.114 5.7 (19) 5.8 (5) 4.8 (13) 37 
iesiiaaie 4.4 4.9 4.1 4.2 
—s es ees 
1Standard error of the mean 
2Class 1: young less than one-third grown; Class II: young one-third to two-thirds grown; Class III: young more than 


two-thirds grown 
3Figures in parentheses are number of broods counted. 


cess in all successful nests in the 1949-51 
eriod was 86 per cent. 

The largest egg loss (7 per cent) in suc- 
cessful nests was due to infertile eggs. Four 
per cent of the eggs were left in the nests 
with partly developed but dead embryos. 
Reasons for the particularly high occurrence 
of dead embryos in 1950 are unknown. Of 
the 74 unsuccessful nests (containing 352 
eggs), 73 per cent were deserted, 20 per cent 
were flooded out, 5 per cent were on hay- 
stacks that were fed out, and 2 per cent were 
nests on which dead hens were found. 


GosLING PRODUCTION 


The average hatch per nest varied from 
4.2 in 1949 to 4.6 in 1951. Brood size drop- 
ped only about 7 per cent from hatching to 
the time the young were two-thirds grown 
(Table 3). In 1950 and 1951 there was an 
adequate estimation of the goose popula- 
tion before nesting and a complete coverage 
of the habitable areas in the marsh and all 
good nesting sites on the adjacent land. 
Based upon these two factors, it is believed 
that approximately two-thirds (about 300 
and 250) of the goose nests were located in 
both 1950 and 1951, respectively. Thus for 
1950 the average hatch of 4.3 times a nest 
success of 75 per cent times 300 (the total 
number of nests) gives a total of 990 gos- 
lings produced. In 1951 the average hatch 
of 4.6 times a nest success of 86 per cent 
times 250 nests equals 1,010 goslings pro- 
duced. 


SUMMARY 


On a 22,000-acre lake in southeastern 
Idaho, Canada geese commence nesting ac- 
tivities before the marsh is free of ice and 
snow. The peak of nesting was a week ear- 
lier in 1951 than in 1950. Seventy-seven per 


cent of all goose nests were located on musk- 
rat houses; four-fifths were built in cattail, 
bulrush, or a combination of these two major 
cover types. The degree of success for 361 
goose nests was 80 per cent. Land nests and 
marsh nests were equally successfully. Fif- 
teen per cent of all terminated nests were 
deserted for unknown causes. The average 
clutch size for the three-year study was 5.2. 
Following spring censuses of about 800 and 
1,000 breeding and nonbreeding geese in 
two different years, the calculated hatch 
amounted to 990 and 1,010 goslings. 
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EFFECTS ON WILDLIFE OF AERIAL APPLICATIONS OF STROBANE 
DDT, AND BHC TO TIDAL MARSHES IN DELAWARE’? 


John L. George, Richard F. Darsie, Jr., and Paul F. Springer’ * 


The principal purpose of this study was 
to ascertain what effects on wildlife, if any, 
would result from the use of Strobane for 
mosquito control. Its potentialities as a con- 
trol agent have been investigated by Darsie 
and Murphey (1955) and Murphey and 
Darsie (1956). Also comparisons with DDT 
and BHC’ seemed desirable. DDT has been 
the most commonly used insecticide for mos- 
quito control in this general area, but BHC 
is now employed more extensively in Dela- 
ware. The tests were planned to make a 
direct appraisal of the toxicity of these com- 
pounds and to facilitate comparison and in- 
terpretation of findings by others on the 
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5The BHC employed in present tests was BHC 
(43 per cent gamma isomer ) hereafter referred to as 
simply BHC. See information under Procedure. 


biological effects of DDT and BHC in 
aquatic environments. 


REVIEW OF LITERATURE 


Although several laboratory studies have 
been made on the effects of Strobane on 
wildlife, this report presents the first find. 
ings under field conditions. DDT has been 
the object of considerable previous investi. 
gation, but little attention has been devoted 
to its toxicity to wildlife when applied on 
tidal marshes for mosquito control. In this 
respect, the literature on BHC is even more 
limited. The present research provides, 
therefore, new information in this important 
phase of mosquito-contro! work. 

Laboratory tests on fish (primarily gold- 
fish, Carassius auratus, and bluegills, Le. 
pomis macrochirus) by Ginsburg (1947), 
Cope, Gjullin, and Storm (1947), Wood 
(1953), Davidow and Sabatino (1954), and 
Davidow and Schwartzman (1955) show 
the order of decreasing toxicity of the three 
insecticides to be BHC (lindane )®, Strob- 
ane, and DDT. However, Surber (1951) re- 
ported that fingerling bluegills were more 
susceptible to poisoning by DDT than by 
BHC. 

No detrimental effect on either free-living 
or caged killifish (Fundulus heteroclitus) in 
salt marshes was observed following an air- 
plane treatment of 0.2 pound per acre of the 
gamma isomer of BHC in tobacco-stem 
particles (Springer and Mitchell, 1953). In 
a fresh-water lake, an aerial application of 
0.24 pound per acre of a wettable-powder 
formulation likewise had no apparent effect 
on fish (Lieux and Mulrennan, 1955). How- 
ever, a one-pound-per-acre ground applica- 
tion of the latter material killed many fish in 
a small pond, although some survived 
(Mathis and Quarterman, 1949). 

A ground application of one pound of 12 
per cent gamma isomer of BHC per acre was 
reported to be less toxic to fishes than DDT 
by Linduska and Surber (1948). Mathis 





6Lindane is the gamma isomer of BHC of not less 
than 99 per cent purity. 
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and Quarterman (1953) found that similar 
treatments at this dosage, but in emulsion 
form repeated five times a season for three 
years, had little or no effect on survival and 
growth of fish. 

There has been little comparative study of 
the effects of insecticides on blue crabs, 
Callinectes sapidus. However, Springer and 
Mitchell (loc. cit.) observed more dead 
crabs in a salt-marsh plot treated with 0.2 
pound of BHC than one receiving one 

und of DDT per acre. Tarzwell (1950) 
pointed out that crabs are more sensitive to 
DDT than are fish. Springer and Webster 
(1951) and Mills (1952) have studied the 
effects on fish of DDT applications in 
coastal areas. 

Blue crabs, exposed to concentrations of 
DDT in emulsions as high as 10 to 20 p.p.m. 
for periods as long as one hour, suffered 
convulsions and paralysis but most survived 
for one week, at which time observations 
were discontinued (Sandholzer, 1945). 
These animals had no opportunity to eat 
DDT-contaminated food. Tiller and Cory 
(1947) conducted experiments on crabs 
within a net enclosure 15 feet square and 7 
feet deep, situated in a tidal cove. Four 
pints of either a 5 per cent solution of DDT 
in oil or a 30 per cent DDT emulsion were 
applied. After 6 to 15 hours, the crabs were 
moved to uncontaminated water and ob- 
served for 6 days. Mortality ranged from 23 
to 97 per cent in the first tests, but there was 
evidence that injury incurred through fight- 
ing may have been a complicating factor. A 
repetition of these tests showed no mortal- 
ity. Despite the high dosage, a minimum of 
damage was to be expected due to the depth 
of water treated and the fact that the toxi- 
cant was probably carried off by the tide. 
Further studies on the effects of DDT on 
blue crabs were reported by Van Engel 
(1948), Springer and Webster (loc. cit.), 
and Mills (loc. cit.). 

Heavy immediate losses of marsh fiddler 
crabs, Uca pugnax, and marsh crabs, Se- 
sarma reticulatum, in tidal marshes were ob- 
served by Springer and Mitchell (loc. cit. ) 
following aerial application of 0.2 pound of 
BHC in tobacco-stem particles per acre. 
This treatment was found to be more toxic 
to these crabs than one pound of DDT per 
acre in a like formulation. Marsh fiddler 
crabs suffered greater losses than red- 
jointed fiddler crabs, Uca minax. It is in- 


teresting to note that aqueous suspensions of 
crude BHC are recommended for control of 
Sesarma africanum, which is an agricultural 
pest in tidal rice lands (Jordan, 1955). Her- 
ald (1946), Stearns, et al. (1946), Springer 
and Webster (loc. cit.), and Mills (loc. cit. ) 
have recorded additional observations on 
the effects of DDT on fiddler and marsh 
crabs. 

Previous studies have shown little to no 
direct harm to birds and mammals from ap- 
plications of insecticides in mosquito-con- 
trol operations. Songbirds and adult clapper 
rails, Rallus longirostris, were not visibly af- 
fected by aerial applications of 0.2 to 1.6 
pounds per acre of DDT of 0.2 pound per 
acre of BHC, although a week-old rail died 
of apparent acute DDT poisoning in an area 
treated at 0.25 pound per acre (Springer and 
Webster, loc. cit.; Springer and Mitchell, 
loc. cit.). Swallows were unaffected at low 
rates of application, but were observed to 
leave areas treated with DDT at 0.8 pound 
per acre and higher, probably in response to 
decreased availability of food. Unusually 
large numbers of egrets have been noted in 
treated plots, and gulls and terns have been 
observed to concentrate and feed on dead 
fish (Cottam and Higgins, 1946). DDT ap- 
plied in an emulsion at the rate of 0.1 and 
0.2 pound per acre (Stearns, et al., 1947) 
and in an oil solution at 0.25 pound per acre 
(Wragg, 1954) had no apparent adverse ef- 
fect on muskrats, Ondatra zibethica. Erick- 
son (1947) found that weekly aerial appli- 
cations of 0.1 pound per acre of DDT in an 
oil solution did not affect the activity, sur- 
vival, or reproduction of cotton rats, Sigmo- 
don hispidus. An airplane application of 0.2 
pound of BHC per acre in tobacco-stem 
particles was observed not to be detrimental 
to meadow voles, Microtus pennsylvanicus, 
and rice rats, Oryzomys palustris, for a pe- 
riod of eight days following treatments 
(Springer and Mitchell, loc. cit.). 

Laboratory tests on bob-whites, Colinus 
virginianus, by Coburn and _ Treichler 
(1946), Dahlen and Haugen (1954), and 
DeWitt (1955) showed the order of de- 
creasing toxicity of the three insecticides to 
be BHC (lindane), DDT and Strobane. 


DESCRIPTION OF THE STuDyY AREA 


The location of the study area was Bom- 
bay Hook Island, an elongated piece of salt 
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marsh bounded by Delaware Bay, Duck 
Creek, and Leipsic River, and constituting a 
subdivision of the Bombay Hook National 
Wildlife Refuge, near Smyrna, Delaware. 

Four areas were chosen in similar habitat. 
One along Cove Pond Ditch was designated 
as a control, or check, area. A second along 
Hay Ditch was selected as the Strobane test 
plot. A third area, along Salt Pond Ditch, 
was used as the BHC test plot. The fourth 
area, along Terrapin Gut, was picked as the 
DDT test plot. The first three were approx- 
imately 75 acres and the last, 60 acres in 
size. 

These areas are plotted on the accom- 
panying map (Fig. 1). It will be noted that 
each is part of a small isolated drainage sys- 
tem. They are close together, but there was 
no possibility for contamination between 
areas. 

The vegetation consisted largely of salt- 
marsh cordgrass (Spartina alterniflora), 
saltmeadow cordgrass (S. patens), and salt- 
grass (Distichlis spicata), with smaller 
stands of Olney’s three-square (Scirpus Ol- 
neyi), and big cordgrass (Spartina cynosu- 
roides). There were a few patches of reed 
(Phragmites communis) and _ fimbristylis 
( Fimbristylis castanea ) and scattered plants 
of the common three-square (Scirpus amer- 
icanus ), saltmarsh bulrush (S. robustus), 
glasswort (Salicornia europaea), aster 
(Aster tenuifolius), sea-lavender (Limon- 
ium carolinianum ), and saltmarsh fleabane 
(Pluchea purpurascens). Groundselbush 
(Baccharis halimifolia) and high-tide bush 
(Iva frutescens) were the only woody 
plants. They occurred sparingly as oc- 
casional clumps on the slightly higher 
ground along the main guts and margined 
the bayshore. Common and scientific names 
of plants are based primarily on Hotchkiss 
(1950). 

At present, this marsh falls mostly within 
the “salt meadow” category of the coastal 
saline areas (Martin, et al., 1953). In the 
recent past, it was farmed for marsh hay, 
and apparently at that time was a slightly 
less wet type. 

The most common mammal encountered 
on the study areas was the meadow vole, but 
a few muskrats, river otters (Lutra cana- 
densis ), and rice rats were seen. 


Regularly associated with the areas were 
the seaside sparrow (Ammospiza_ mari- 


tima ), sharp-tailed sparrow (A. caudacuta), 


marsh wren (Telmatodytes palustris) , meag. 
owlark (Sturnella magna), willet ( Catop. 
trophorus semipalmatus ), and clapper rail 
Numerous other marsh birds, such as ducks 
herons, egrets, terns, gulls, sandpipers, ploy. 
ers, and rails were visitors to the area. 

There were no reptiles or amphibians 
seen, other than the diamond-back terrapin, 
Malaclemys terrapin, which was reasonably 
abundant. As many as 10 were caught in 
commercial crab pot in one hour’s time. 

The fish most commonly encountered 
were the mummichog (Fundulus heter. 
clitus), and the variegated cyprinodo 
(Cyprinodon variegatus). Present in smaller 
numbers were spot ( Leiostomus xanthurus) 
and white mullet (Mugil curema). 

No general survey of invertebrates was 
made. Sessile marine organisms, varioys 
fiddler crabs and the blue crab were abun. 
dant. Casual examination showed amphi. 
pods and isopods to be numerous in moist 
soil. Ribbed mussels (Modiolus demissus) 
and oysters (Ostrea virginica) were common 
in streams, where any suitable holding-sur. 
face for these mollusks was present. Among 
the most conspicuous of any higher inverte. 
brate group were the mosquitoes. They 
were of several genera and species; but, on 
the study area, principally Aedes sollicitans, 


PROCEDURE 


The animals selected for study included 
the blue crab, an important commercial 
species in Delaware, which occurred in 
streams and ponds of the experimental 
plots; the marsh fiddler crab, the red-jointed 
fiddler crab, and the closely related marsh 
crab, which inhabited stream banks, as 
many as 10 or more per square foot, and 
constituted an important bird and mammal 
food; and the four previously mentioned 
fish. These extremely hardy fish comprised 
the dominant vertebrate population in the 
streams and ponds. 

In order to assay accurately the results of 
the insecticide treatments, the animals were 


confined in wire cages in each of the four | 


study plots as follows: (1) in the main 
drainage stream—two blue crab cages of 


1 1/2-inch chicken wire; two fish cages of | 
1/3-inch hardware cloth; and two cages for | 
fiddler and marsh crabs, constructed like the | 
blue crab cages; (2) in each of two suitable | 
ponds that remained flooded at all times— F 


one blue crab cage as previously described 





\ 


AR, 





Fic. 








ead. 
top. 
rail, 
cks, 
lov. 


vans 
iin, 
ably 


ina 


ered 
tero- 
don 
aller 
rus 


Was 
rious 
bun- 
1phi- 
noist 
SSus 
mon 
~Sur- 
nong 
erte- 
They 
t, on 
tans. 


uded 
rcial 
d in 
ental 
inted 
arsh 
3, as 
and 
nmal 
oned 
rised 
1 the 


Its of 
were 
four 
main 
es of 
es of 
»s for 
e the 
table 
1es— 


ribed 








— il. 45 
ArRIAL APPLICATIONS OF STROBANE, DDT, AND BHC—George et al 

















fc 











Fic. 1. Section of the Bombay Hook National Wildlife Refuge showing the location of the four study 
areas with their independent drainage systems. 
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and one fish cage of 1/4-inch hardware cloth 
to hold small specimens. All cages were two- 
foot cubes except for the pond fish cages, 
which were 4 feet long, 2 feet high and 2 
feet wide. In addition to the cages, one rack 
containing 32 microscope slides was sus- 
pended in deep water near the mouth of 
each main stream.” 


In the streams, the blue crab and fish 
cages were placed at low tide so that they 
were never entirely out of the water. One, 
2-foot-cube, blue crab pot, as described by 
Andrews (1947), and one, cylindrical, 
double funnel, 20-inch-long minnow trap 
per plot were used in the streams to catch 
specimens employed in the test. The fiddler 
cages were installed in excavations made 
near the top of the stream banks, where 
only high tides covered them. Care was 
taken to catch every fiddler in the soil ex- 
cavated. This soil was placed in the cages 
along with all the fiddlers large enough to 
be confined. These animals were checked 
regulariy during the study; and, at its term- 
ination, were dug out of the soil for mortal- 
ity counts. 

The cages in the ponds were shifted from 
time to time to spots that would favor sur- 
vival of the enclosed animals, in some cases 
even to a different pond. A minnow trap 
was maintained in one pond per area to sup- 
ply fish for the cages, but blue crabs for 
pond cages were provided from the pots in 
streams. 

Ten blue crabs were confined to each 
cage and fed menhaden, Brevoortia tyran- 
nus. The number of fish per cage varied 
with availability. Dead or missing fish and 
blue crabs were replaced before treatment 
of the plots, but no subsequent additions 
were made to the fiddler cages. Neither fish 
nor fiddlers were fed. 

The principal insecticide under consider- 
ation was the new toxicant, Strobane, with 
DDT and BHC as the standards. Strobane 


7The microscope slides served to collect sessile or- 
ganisms, such as the bryozoan, Anguinella palmata. 
Four slides were removed from the rack each week, 
and preserved in 70 per cent alcohol, for the pur- 
pose of studying changes due to insecticide applica- 
tions. Mechanical difficulties were encountered in 
keeping the slides immersed. Such a technique 
shows promise in a study of this nature; however, 
no accurate interpretation could be made in the 
present investigation. 


is composed of terpene polychlorinates, ang 
was formulated by adding 80 per cent cop, 
centrate in Standard Oil Company No. 9 sq. 
vent to fuel oil, so that 0.6 pound of actiy, 
Strobane was contained in a gallon of fip. 
ished spray. DDT, 1,1,1-trichloro-2,2h\ 
(parachlorophenyl) ethane, was prepared 
by dissolving technical-grade material gj. 
rectly into fuel oil at the rate of 0.4 pound 
per gallon. The BHC, 1, 2, 3, 4, 5, 6-hexa. 
chlorocyclohexane, was formulated on the 
basis of its gamma isomer content. Techpj. 
cal-grade insecticide, containing 43 per cent 
gamma isomer, was dissolved in fuel oil at 
the rate of 0.2 pound of gamma isomer per 
gallon. 

The plots were sprayed by Stearman }j- 
planes equipped with lower-wing boon; 
and nozzles calibrated to spray two quarts 
of liquid per acre at normal flying speeds, 
(On the 2-quart-per-acre basis, Strobane 
was applied at the rate of 0.3, DDT at 02 
and BHC at 0.1 pound per acre.) Spraying 
was done by three aircraft, so that all plots 
were treated simultaneously. If the spray 
tanks of the planes had contained an insecti- 
cide different from the one assigned for this 
test, they were rinsed with 15 gallons of w.- 
contaminated fuel oil prior to loading the 
test solutions. 

The three test plots were marked at the 
corners with flagged stakes, the flags dis. 
tinctively colored for each toxicant; ie, 
Strobane—white, BHC—red, and DDT— 
yellow. In addition, yard-square flags of the 
same colors were used by flagmen to mark 
swath widths along the baselines of each 
plot during applications. The Hay Ditch 
area (Strobane) was sprayed from west to 
east, Salt Pond Ditch area (BHC) from 
northwest to southeast, and Terrapin Gut 
area (DDT) from north to south (see 
Fig. 1). 

The spray pattern was checked by means 
of carbon-coated, 3 1/4- by 4 1/2-inch glass 
slides placed in saw curfs on stakes at 100- 
foot intervals along the baselines and at 
ponds and streams near caged animals. The 
number and size of droplets were deter- 
mined for each application. 

The first application was delivered on 
July 27, 1955, at 6:20 a.m. and the second, on 
August 23, 1955, at 6:35 p.m. In both cases, 
the wind was almost negligible, 0 to 5 
m.p.h. Two hurricanes (“Connie” on Av- 
gust 12 and 13, and “Diane” on August 18) 
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vented a planned sequence of three 
treatments. 

Deaths occurring for seven days follow- 
ing insecticide application constituted the 
nortalities used in evaluation of the effect 
on fish and blue crabs. Fiddler crabs were 
aged 9 to 14 days before the first treatment, 
and removed and counted 7 to 9 days after 
the last treatment; however, counts of the 
controls were made on the third day. 


RESULTS 


The record of insecticide-spray deposit 
nay be found in Table 1. Measurements ob- 
tained from slides along the baseline did not 
always accurately reflect the full deposition 
of insecticide, as they were located at a point 
where pilots showed some variation in start- 
ing to spray. 

No figures on chronic toxicity were gath- 
ered, because the applications were spaced 
one month apart; and, in the interim, the 
plots were washed by high tides and approx- 
imately 12 inches of rain that accompanied 
the two hurricanes. 


Fish Studies.—The results obtained from 
the study of caged fish have been tabulated 
in Table 2. An analysis of variance was cal- 
culated for the mortalities, testing not only 
application, location, treatment, and replica- 
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tion, but also the interaction between lo- 
cation and application, location and treat- 
ment, and application and treatment. An F 
value of 6.21 indicated significance at the 
0.01 level for the interaction between loca- 
tions and treatments. None of the other 
categories tested, especially the comparison 
among treatments and between each treat- 
ment and the untreated check, showed sta- 
tistical significance. 

This analysis supports the differential 
mortalities suffered by fish caged in streams 
and ponds. More deaths occurred in the 
streams than in the ponds in the BHC- 
treated area, whereas the reverse was true 
in the DDT-sprayed plot. There seems to be 
no explanation for this discrepancy in the 
BHC plot, unless the physiography of the 
area tended to produce local high concen- 
trations in the streams during the ebb-tide 
runoff which followed the applications. 
Both applications were made just after high 
tide, during a period when the areas were 
draining rapidly. This would tend to mini- 
mize all effects, since spray material was ob- 
served to run off within a few hours after 
application. Much of the mortality in the 
DDT and Strobane-sprayed ponds was 
caused by concentration of the spray film in 
one end of the pond by wind action. This 
factor caused abnormally high death rates in 
two situations (83 per cent kill in one Stro- 


TaBLE 1. — REcorD OF INSECTICIDE SPRAY Deposit, BoMBAY Hook WILDLIFE REFUGE, DELAWARE, 19551 
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10 48.1 
79.0 


129.0 


Baseline 
South Pond 
North Pond 


102.1 
131.0 
202.0 


Baseline 
Pond 
Stream 


82.5 
128.0 
189.0 
169.0 
211.0 


Baseline 

East Pond 
West Pond 
East Stream 
West Stream 


216.0 
162.0 
159.0 


231.52 
191.0 
189.0 


178.2 
241.0 
193.0 
241.0 
174.0 


STROBANE 
63.4 

72.0 

102.0 


278.4 
181.0 
142.0 


92.2 
162.0 
182.0 


268.0 
179.0 
187.0 


122.6 
110.0 

82.0 
128.0 


180.8 
180.0 
197.0 
184.0 





1 By the technique of Hurlbut, et al. 1947, U.S. Naval Med. Bull., 47(2):371. 
“Droplet size partially estimated, due to accumulation of moisture on slides. 
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TABLE 2.— Morrauities RESULTING FROM INSECTICIDE TREATMENTS TO FisH, BoMBAY Hoox Wipuirr 
REFUGE, DELAWARE, 19551 2 














Strobane BHC DDT Control 
sath ; Number Per Cent Number Per Cent Number Per Cent Number Per Cc 
Application Replicate Tested Dead Tested Dead Tested Dead Tested Dead” 
IN STREAMS 
1 1 21 14 10 20 20 0 9 0 
2 20 § 20 50 27 0 19 91 
2 1 163 20 35 25 0 21 24 
2 10 30 353 20 0 20 10 
Average 16 35 0 14 
IN PONDS 
1 ] 111 8 33 0 56 ll 25 0 
2 35 11(83)8 9 22 48 17 30 10 
$ 1 25 24 25 0 37 15(76)°8 25 4 
2 25 0 25 0 36 17 30 0 
Average ll 6 15 4 





1 Mortality counts made for seven days after treatment. 


“In an analysis of variance the interaction of locations (streams versus ponds) and treatments was significant on a prob- 


ability of 0.01. The L.S.D. value was 21.61. 


3 Missing replicates computed by averaging mortalities of other three replicates. Figures in parentheses refer to actual 
mortalities caused by undue accumulation of bacterial scum and toxicant, not used in analysis of data. 


bane cage; 76 per cent in one DDT cage). It 
was observed that free-living fish avoided 
these areas of high concentration; thus, this 
hazard is minimized normally in these small 
ponds. These two instances, therefore, were 
discounted in appraisal of results (see 
Table 2). 


A similar experience was reported by 
Springer (1950) and Springer and Webster 
(loc. cit.) following aerial applications of 
DDT in oil to salt marshes at the rate of 
0.2-0.25 pound per acre. In their tests, deaths 
of caged fish averaged 20 to 45 per cent in 
ponds and 20 per cent in streams. In un- 
treated ponds, losses were 6 to 24 per cent 
and in streams, 13 to 17 per cent. 


Factors other than insecticidal toxicity 
that contributed to death of caged fish were: 
upsetting of cages by tidal currents in the 
ditches, which seemed to injure the fish by 
battering them against the sides; high temp- 
eratures , since the first application was 
made during an all-time record heat wave 
and drought for the Delaware Valley caus- 
ing low water levels and, thus, high water 
temperatures in the ponds; a floating red- 
dish growth, believed to be iron bacteria, 
which appeared detrimental to caged fish; 
and the long periods in which the animals 
were confined to the cages. 


Observations on the free-living fish popu. 
lation showed no spectacular die-off. A few 
dead fish were found in small streams and 
ponds; but, due to the nature of the terrain, 
small dead fish could be overlooked easily, 
Remains usually disappeared within one 
day in the cages because of the rapid decay 
and scavenging by other fish. Trapping 
studies of free-living fish emphasized great 
fluctuation in density and readiness of cap- 
ture; therefore, records were not tabulated. 
There was an indication that populations 
did decline when spray materials were in 
the streams—probably showing avoidance 
of treated areas. Certainly large numbers 
in the ponds survived the spray, however, 
and streams were well populated with fish 
after each treatment. Springer and Web- 
ster (loc. cit.) also observed minimum mor- 
tality among free-living fish. However, re- 
peated applications appear to be a greater 
detriment, since Mills (loc. cit.) found that 
monthly aerial spraying of salt marshes with 
DDT in oil at 0.2 pound per acre caused 
death of many killifish, beginning with the 
third treatment. 


Blue Crab Studies.—The only forms en- 
ployed in the cage tests were adults with a 
five- to eight-inch-wide carapace. The early 
reproductive stages were not collected. The 
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TABLE 3. — MorTALITES RESULTING FROM INSECTICIDE TREATMENTS TO BLUE CrABs, BOMBAY Hook WILD- 
LIFE REFUGE, DELAWARE, 1955 1 2 














= Strobane BHC DDT Control 
Number Per Cent Number Per Cent Number Per Cent Number Per Cent 
Application Replicate Tested Dead Tested Dead Tested Dead Tested ead 
IN STREAMS 
1 ] 10 50 10 0 10 0 10 30 
2 10 0 10 0 9 11 6 50 
2 1 10 30 10 20 178 10 0 
2 273 10 20 10 40 10 20 
Average 27 10 17 25 
IN PONDS 
I 1 6 33 9 22 8 0 9 11 
2 6 17 10 60 5 0 10 30 
9 l 10 10 9 56. 10 0 10 0 
2 10 20 10 70 10 40 10 0 
Average 20 52 10 10 





land 3as in Table 2. 


2JIn an analysis of variance, the interaction of location and treatment was significant on a probability of 0.01, with an 
L.S.D. value of 30.88. Likewise, the interaction of application and treatment was significant at 0.05, with an L.S.D. 


value of 22.41. 


results are included in Table 3. 

A statistical analysis of variance, similar 
to that reported under the fish studies, was 
calculated for blue crabs also. Significance 
was achieved at the 0.01 level in the loca- 
tion-treatment interaction with an F value 
of 5.96 and at 0.05 in the application-treat- 
ment interaction with an F value of 4.42. 
The location-treatment interaction empha- 
sized the fact that in al! treatments, except 
BHC, there were more deaths in streams 
than in ponds, and that there was a reversal 
in the BHC-treated plot. The lower-order 
significance in the application-treatment in- 
teraction alludes to the obviously greater kill 
during the first application in the untreated 
plot. This was primarily due to the strong 
tidal currents in the streams; a rearrange- 
ment of the cages to avoid the full force of 
these currents reduced mortality during the 
second application. Here again deaths in 
the insecticide-treated plots were not sig- 
nificantly greater than in the untreated plot 
nor were differences demonstrated among 
any of the three treatments. 

As with the fish, field observations did un- 
cover some reactions of the blue crabs to the 
presence of the insecticides. There was lit- 
tle mortality noted. A few dead crabs were 
found in Salt Pond Ditch, the BHC area, af- 
ter each application—in fresh condition, in- 
dicating recent death—and living individ- 


uals were observed in all ponds both before 
and after spraying. This indicates that at 
least the majority can survive treatment at 
the acute level tested. 

Crab-pot catches in this test clearly 
showed decline after spraying. The average 
numbers of crabs captured per crab pot per 
day during the week before and the week 
after spraying were as follows: 


Application Before After 

Control 1 7.0 5.0 
2 17.0 13.0 

Strobane 1 9.7 4.5 
2 9.0 3.0 

BHC 1 15.7 8.0 
2 16.0 7.0 

DDT 1 27.0 14.0 
2 20.7 8.0 


Reductions amounted to about 50 per cent 
after the first application, and higher than 
this following the second. The lowest num- 
ber of captures always came on the day af- 
ter spraying. Declines in the check area 
were moderate, about 25 per cent. It is pos- 
sible that the blue crabs were avoiding the 
guts due to the presence of the sprays. 

In studies of blue crabs in wire-enclosed, 
tidal creek systems, Springer and Webster 
(loc. cit.) found a 20 to 40 per cent re- 
duction following individual aerial applica- 
tions of 0.25 pound of DDT oil solution per 








50 


acre. Crabs continued to die for seven days 
after treatment. Greater losses occurred in 
ponds than in creeks and ditches. During 
the same periods, mortality in an untreated 
area averaged 3 to 4 per cent (Springer, loc. 
cit.). Monthly aerial sprayings of salt 
marshes with 0.2 pound per acre of DDT in 
oil solution were noted by Mills (loc. cit.) to 
cause deaths of varying numbers of blue 
crabs starting with the fifth treatment. Van 
Engel (loc. cit.) reported that after a single 
treatment under similar conditions, but at 
the rate of 0.28 to 0.3 pound per acre, dead 
and dying crabs were found for four weeks 
and the population was noticeably reduced. 
None of these observations was supported 
by the present research. The apparent re- 
pellency of insecticides to blue crabs was 
noted also by Springer and Webster (loc. 
cit.) working with DDT in tidal streams. 


Fiddler and Marsh Crab Studies.—It is 
readily apparent from the data in Table 4 
that the marsh fiddler crab was decidedly 
more susceptible to the toxicants than was 
the red-jointed fiddler crab or marsh crab. 
An analysis of variance indicated that treat- 
ment with all three insecticides caused sig- 
nificantly greater mortality to marsh fid- 
dlers at the 0.05 level than occurred in the 
untreated controls. The F value was 13.19. 
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It will be noted in the table that death rate, 
of red-jointed fiddlers and marsh crabs wer. 
about the same on sprayed and conty 
areas. 

Herald (loc. cit.), in agreement with 
these findings, has shown that fiddler craly 
were extremely susceptible to aerial appli 
cations of DDT. Likewise, monthly aera] 
sprays with DDT in oil at 0.2 pound per 
acre caused death to large numbers of fid. 
dler crabs, starting with the third treatment, 
according to Mills (loc. cit.). In experi 
ments with DDT applied in oil solution by 
plane to salt marshes at 0.2 to 0.25 pound 
per acre, Springer and Webster (loc. cit.) 
noted small to moderate numbers of dead 
fiddlers. There was a 24 per cent reduction 
of caged crabs compared to an 8 per cent 
reduction in untreated areas. Stearns, et ql 
(loc. cit.), contrary to results in these tests, 
observed no adverse effects on fiddlers fol. 
lowing ground applications of DDT in salt 
marshes at rates of 0.2 and 0.4 pound per 
acre. 

Although the marsh fiddlers in the Stro. 
bane- and DDT-treated areas suffered con. 
siderable losses, this mortality was much les 
evident than on the BHC plot. Here, after 
each treatment, the marsh fiddlers seemed 
to lose mobility, become rigid, and, when 
approached, make little effort to retreat. A 


TABLE 4.— MortTA ities RESULTING FROM INSECTICIDE TREATMENTS TO FIppLER CrABs, BoMBAyY Hoox 
WILDLIFE REFUGE, DELAWARE, 1955 1 











Strobane BHC DDT Control 
Number Per Cent Number Per Cent Number Per Cent Number Per Cent 
Replicate Tested Dead Tested Dead Tested Dead Tested Dead 





MARSH FIDDLER CRAB~ 


1 25 60 19 74 15 80 9 0 

2 15 80 31 84 9 67 16 25 
Average 68 80 75 16 

RED-JOINTED FIDDLER CRAB 

1 2 1003 10 30 10 20 11 27 

2 5 20 10 40 26 42 14 57 
Average 20 35 36 44 

MARSH CRAB 

1 6 50 8 50 15 53 9 33 

2 18 44 2 08 5 40 s 1003 
Average 46 50 50 33 








1 Mortality count made about seven weeks after fiddler crabs were caged and seven to nine days (three days for controls) 
after last insecticide application. 
2In an analysis of variance, death due to treatments was significantly greater than that of the untreated control on 
probability of 0.05. The L.S.D. value was 38.34. 
2 Only two individuals were caged; deaths not included in averages. 
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flock of 21 American and snowy egrets, Cas- 
merodius albus and Egretta thula, appeared 
on the BHC area the day after the second 
application, and apparently fed actively on 
the fiddler crabs on the mud flats. Only one 
or two of these birds at a time had been seen 
previously in this area. Tracks and fiddler 
remains indicated that raccoons (Procyon 
lotor) had been devouring these fiddler 
crabs after each application. Both dead and 
dying fiddlers were sampled quantitatively 
on each area by daily counts on a six-foot by 
six-foot plot surrounding each fiddler cage. 
Results showed no perceptible damage in 
the control, DDT, or Strobane plots, while 
on the BHC-treated plots an average of 0.1 
to 0.5 dead or dying fiddler per square foot 
was observed during the three days after 
spraying. 

Observations on Birds and Mammals.— 
No adverse effect of the insecticides on birds 
and mammals was readily apparent. Time 
did not permit regular censuses or search for 
nests. One fresh carcass of a Virginia rail, 
Rallus limicola, was found on the Strobane 
area two days after the first application, but 
it was partly eaten and could not be autop- 
sied. Swallows were seen feeding over the 
BHC-area on the day after application. The 
actions of willets, seaside sparrows, sharp- 
tailed sparrows and marsh wrens were ob- 
served prior to, during, and after spraying, 
and there seemed to be little change in activ- 
ity. During the July application, these birds 
were apparently completing their nesting 
period, and their actions and alarm indi- 
cated that they were caring for fledglings. 
These actions continued in the same areas 
after treatment. During the second applica- 
tion in late August, no nesting was in evi- 
dence. 

The only abnormal concentration of birds 
was the flock of 21 egrets on the BHC-area 
after the second application. The flock was 
observed through binoculars and seemed to 
be actively feeding on dead and dying fid- 
dler crabs. This concentration was never 
seen again on any treated area. 

Many carcasses of meadow voles were 
seen after the high tides accompanying the 
hurricanes, but no mortality was observed 
after the spray treatments. A nest of rice 
rats was found on the BHC-area after the 
second application, and the young were vig- 
orous and well. 


SUMMARY AND CONCLUSIONS 


The principal purpose of this study was to 
ascertain what effect on wildlife, if any, 
would result from the use of the new insecti- 
cide, Strobane, for mosquito control on tide- 
land areas. Comparisons were made with 
DDT and BHC (43 per cent gamma is- 
omer ) commonly used in control operations. 
The investigation was carried out on the 
tidal marshes of Bombay Hook National 
Wildlife Refuge near Smyrna, Delaware. 
Four areas, all similar in habitat, were 
chosen—three as test plots for Strobane, 
BHC, and DDT, respectively, and the 
fourth as an untreated check. 


The insecticides in oil solution were ap- 
plied by airplane at the rates of 0.1, 0.2, and 
0.3 pound per acre for gamma isomer of 
BHC, DDT, and Strobane, respectively. 
The first application was made on the morn- 
ing of July 27; and the second, on the eve- 
ning of August 23, 1955. 

To assay the results of spraying, 14 testing 
devices were set up in each area. They con- 
sisted of cages, traps, and microscope slides 
placed in the streams and ponds. The estu- 
arine fishes, Fundulus heteroclitus, Cyprino- 
don variegatus, Leiostomus xanthurus, and 
Mugil curema; blue crabs, Callinectes sapi- 
dus; fiddler crabs, Uca pugnax, Uca minax, 
and Sesarma reticulatum; and certain sessile 
organisms were included in the tests. 

Analyses of variance on fish and blue 
crabs showed no significant difference be- 
tween deaths occurring in treated and con- 
trol plots, nor among the three treatments. 
Differential mortalities were suffered by 
fish caged in streams and ponds. Greater 
numbers died in the BHC-treated streams 
and in the DDT-treated ponds. Local con- 
centrations of insecticide appeared to be the 
cause, although the magnitude of kill was 
not significantly greater than in control 
areas. Field observations and crab-pot 
counts showed that both the fish and blue 
crabs avoided the sites of high insecticide 
concentration. Certainly the majority of the 
free-living individuals in the treated areas 
were able to survive the sprays, and at the 
level tested showed no acute toxicity from 
single applications. 

Of all the marsh inhabitants tested, the 
marsh fiddler crab, U. pugnax, was most ob- 
viously affected by the three toxicants. Mor- 
talities of 68 to 80 per cent were sustained by 
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this species in cage tests, as against 16 per 
cent for controls. Greater losses were ob- 
served in the BHC area. Under the same 
conditions, U. minax and S. reticulatum 
were relatively unaffected. The economic 
and ecological importance of the marsh fid- 
dler should not be overlooked. It constitutes 
one of the dominant crustaceans in the area 
and is fed upon by birds and mammals. 

Sessile organisms were collected on slides, 
but no accurate interpretation could be 
made. 

Gross observations indicated no apparent 
harm to birds and mammals. 

Due to circumstances beyond control, a 
third application, and a chance to measure 
chronic toxicity, was not achieved. No study 
on reproductive stages or immature animals 
was undertaken. The total interaction of 
changes produced by the insecticide sprays 
was not evaluated. However, it can be 
stated that, under the conditions of the test, 
no consequential damage from the two ap- 
plications was observed, with the exception 
of that to the marsh fiddler crabs. 
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WINTER FOOD HABITS OF MOOSE IN JACKSON HOLE, WYOMING' 


G. Bryan Harry? 
Colorado A. and M. College, Fort Collins, Colorado 


During the winter of 1953-54, a study was 
undertaken (1) to determine the relative 
abundance of food on the winter range of 
moose in the Jackson Hole country of Wy- 
oming, as a basis for future range-trend 
studies, (2) to define the food habits of 
moose on the Jackson Hole winter range, 
and (3) to evaluate the effect of moose 
browsing on the vegetation. Here large con- 
centrations of elk (Cervus picid 
moose (Alces alces), and mule deer (Odo- 
coileus hemionus ), as well as lesser numbers 
of bighorn sheep (Ovis canadensis), winter 
on a restricted, heavily used range. Food 
habits of elk and mule deer are now fairly 
well known. Moose, though an integral part 
of the range ecology, have been largely 
neglected. 


DESCRIPTION OF AREA 


The valley of Jackson Hole is a relatively 
flat, sagebrush-covered plain flanked on all 
sides by mountains and drained by the 
headwaters of the Snake River. To the west 
lies the Teton Range, an outstanding ex- 
ample of a block fault-formed mountain 
range, with its east face rising abruptly from 





1 Presented in partial fulfillment of the require- 
ments for the degree of Master of Science in game 
management, Colorado A. and M. College, Ft. 
Collins. 

* Present address: U.S. Fish and Wildlife Service, 
San Antonio, New Mexico. Personnel of the Grand 
Teton National Park gave much-appreciated as- 
sistance in the work reported here by providing 
park facilities, library, and wildlife records. 


the valley floor and a complete absence of 
foothills. To the east and south are the 
lower Gros Ventre mountains and to the 
north the highlands of the Yellowstone Pla- 
teau. The Snake River, originating in the 
Yellowstone highlands, flows southward 
through Jackson Hole and escapes into 
Idaho through the Snake River Canyon at 
the southern end of the valley. The river, 
with its heavily braided channel, is bordered 
by cottonwood and willow vegetative types. 
Three life zones are represented in the adja- 
cent mountain ranges: Transition, Cana- 
dian, and Alpine. Much of Jackson Hole is 
under federal control. Grand Teton Na- 
tional Park embraces the Teton Range and 
northern part of the valley floor. The for- 
ested areas adjoining the park and along the 
southern and eastern parts of the valley are 
under Forest Service jurisdiction. 


Jackson Hole moose populations were rel- 
atively low during the last part of the nine- 
teenth century but have steadily increased 
since that time until they have become a 
problem in local areas during winters. At 
present, movement of moose on their win- 
ter range appears to be governed primarily 
by depth and condition of snow. As snow 
accumulates in the high country, there is a 
general and gradual exodus of moose from 
the Teton and Gros Ventre mountains. By 
December, concentrations of animals are 
regularly observed on the valley floor. 


Snow depths during the winter of 1953-54 
varied from more than 6 feet in and along 
the east edge of the Teton Range, to 4 feet 
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at Moose, and 3 feet or less along the east 
edge of the valley. During the period of 
maximum snow depth, January to April, 
moose were concentrated in willow and cot- 
tonwood thickets along the Snake and Buf- 
falo Fork rivers. Once in the willow-bot- 
toms, moose appeared to remain in very 
local areas until browse became depleted or 
snow conditions changed to allow wider 
travel. 


The area that I studied lies within Grand 
Teton National Park and north of the town 
of Moose. It encompasses the major moose 
wintering range within the park with the ex- 
ception of the Gros Ventre River and Snake 
River bottoms south of the town of Moose. 
These areas were excluded because of light 
to heavy use by wintering bands of elk. 
Sample areas in the Teton Range above 
7,000-feet elevation were later abandoned, 
as no evidence of wintering moose was en- 
countered higher in the range. The study 
area (Fig. 1) as finally established included 
180 square miles of moose winter range, all 
within Grand Teton National Park. 
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Fic. 1. 


Location of study area in northern Jackson 
Hole, Wyoming 


METHObDs OF STUDY 


Four methods of study were used to de. 
termine moose winter-food habits: (1) the 
Aldous Deer-browse Survey, (2) trackin 
individual animals and_ recording fresh 
browsing along the tracks, (3) direct obser. 
vation of feeding moose, and (4) stomach 
analyses. 


The browse survey consisted of sampling 
an area using regularly spaced 1/100th-acre 
plots to obtain the percentage occurrence of 
available browse species and their degree of 
utilization. Only plants above snow line and 
within reach of moose were recorded, Jy 
the Jackson Hole study, vegetation between 
2 and 10 feet in height was sampled. Data 
were recorded and evaluated essentially the 
same as outlined by Aldous (1944). © 


During the period March 20 to May 3, 
1954, a total of 4,340 sample plots was 
analyzed (32 plots evenly spaced along a 
single transect line per section) to deter. 
mine the percentage of occurrence of each 
browse species and its degree of utilization, 


Ordinarily, the browse survey would be in 
itself sufficient to determine food utilized 
by moose. However, in Jackson Hole, 
browse studies are complicated by the nun- 
ber of other big-game species, and differ. 
ences among deer, elk, and moose browsing 
are not distinct. Data by Murie and Ander. 
son (1953) show that approximately 3,500 
elk crossed portions of the moose-browse 
sample areas during their fall 1953 migra- 
tion. At the time of crossing, food in the 
form of grasses and forbs was available, and 
my observations showed elk to be feeding 
primarily on these; but the extent to which 
elk utilized browse plants on this portion of 
the range was largely unknown. A few 
dozen deer and slightly more than 100 ek 
also wintered on two south-facing hillsides 
(Fig. 1) on the eastern portion of the study 
area. These animals were restricted in their 
range throughout the winter, but their pres- 
ence and the large numbers of elk crossing 
the sample area during migration made 


necessary the use of the other three corrob- [ 
orating methods to augment the browse | 


survey data. 


During January to March 1954, 150 moose 
were tracked and their browsing recorded. 


The track trails varied in length from one- 
eighth of a mile to over five miles. In each 
case the moose was back-tracked to the 
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place where it had previously bedded, and 
the vegetation freshly browsed along the 
track was recorded in a manner similar to 
the browse survey. The degree of utilization 
along the tracks was estimated as heavy, 
medium, light, or none. A plant species that 
had more than 50 per cent of the current- 
years growth removed was tabulated as 
heavy, 10 to 50 per cent medium, 5 to 10 per 
cent light, less than 5 per cent trace, and no 
evidence of browsing none. These catego- 
ries were assigned numerical values identi- 
cal to those of the browse survey and treated 
in a like manner in determining the per- 
centage of total food eaten. 


Feeding moose were regularly observed 
throughout the winter. Food habits of 249 
feeding animals were recorded in the form 


of so-called “moose minutes” or the total 
time one animal spent feeding on a par- 
ticular species of vegetation. Binoculars (6 
power by 30 mm.) were used in all observa- 
tions, and questionable identifications of 
plant species made at a distance were re- 
checked after the animal had left, assuring 
correct identification. 


No effort was made to collect animals for 
purposes of stomach analyses, but four 
moose killed in highway accidents were 
examined. Stomachs were analyzed by the 
volumetric method, a one-quart sample be- 
ing taken from each thoroughly mixed 
rumen. 


RESULTS 
The four study methods used were in rel- 


TasBLe 1.— Winter Foop Hasits oF Moose 1N Jackson Hote, Wyominc, 1953-54 








Percentage of 


Percentage of Total Food Eaten 





Observation 








Browse Browse Stomach 
Plant Species! Available Survey Tracking Direct Analysis Palatability2 
Willow, Salix spp. 27.7 84.0 82.3 67.1 73.0 high 
Alpine fir, Abies lasiocarpa 10.2 8.6 10.1 0.2 5.5 high 
Unidentified conifers a a —_— -— 17.0 
Aspen, Populus tremuloides 4.7 2.4 0.8 0.2 0.2 high 
Serviceberry, Amelanchier alnifolia 2.9 1.9 1.3 12 —— very high 
Chokecherry, Prunus virginiana 2.7 1.1 1.8 9.6 0.5 high 
Lodgepole pine, Pinus contorta 20.8 0.9 0.9 0.3 3.0 low 
Cottonwood, Populus spp. 2.2 0.6 1.9 6.0 -— high 
Red osier dogwood, Cornus stolonifera 0.6 0.1 0.1 3.0 -_— very high 
Silverberry, Elaeagnus commutata 0.6 0.1 0.2 — a high 
Mountain ash, Sorbus scopulina 0.5 Tr 0.1 —~ —— very high 
Buffaloberry, Shepherdia canadensis 3.6 Tr 0.1 ae Tr low 
Bog birch, Betula glandulosa 0.4 Tr — os — very high 
Cinquefoil, Potentilla fruticosa 1.9 Tr 0.2 —_— —_— low 
Rose, Rosa sp. 1.0 Tr Tr —- — medium 
Honeysuckle, Lonicera involucrata 0.5 Tr Tr —_— oo medium 
Snowbrush, Ceanothus velutinus 0.2 Tr 0.1 0.3 —— very high 
Mountain maple, Acer glabrum 0.2 ir —— -— -— high 
Utah honeysuckle, Lonicera utahensis 0.5 Tx — — —— medium 
Menziesia, Menziesia ferruginea 1.2 if —— -— ae low 
Alder, Alnus tenuifolia 2.0 vy Tr 0.1 Tr low 
Mountain juniper, Juniperus scopulorum 0.2 Tr Tr -— a low 
Douglas fir, Pseudotsuga taxifolia 3.9 Tr -— = = very low 
Blue spruce, Picea pungens 2.5 ub yh — — very low 
Limber pine, Pinus flexilis 0.2 Tr Tr as noo very low 
Engelmann spruce, Picea engelmanni 6.6 — —— — 0.7 very low 
Creeping juniper, Juniperus communis 0.4 —- — aaa ad very low 
Raspberry, Rubus sp. 0.1 —— Ty —— —— very low 
Bitterbrush, Purshia tridentata — —— oe 8.4 — very high 





1Plant nomenclature follows Harrington (1954). 


*Palatability is based upon the ratio between utilization and availability as well as sight observations on plants repeatedly 


browsed when several species were available. 


°° Used extensively when available. This plant was too low growing to be recorded as available to moose. 





56 JOURNAL OF WILDLIFE MANAGEMENT, VOL. 21, No. 1, JANUARY 1957 


atively close agreement (Table 1), partic- 
ularly in view of the diverse variables inher- 
ent in each technique. Willow was the most 
important species according to all methods, 
varying from 67 per cent of the total diet by 
direct observation of feeding animals to 84 
per cent by the browse survey. Alpine fir 
was second in all but the direct-observation 
method. This is explained by the difficulty 
of observing moose in the dense cover pro- 
vided by fir. There were general correla- 
tions among the remaining, lesser important, 
species. Chokecherry, serviceberry, aspen, 
cottonwood, and lodgepole pine made up 
about one per cent each of the total diet. 
Some twenty other plant species made up 
the remainder of the diet. 

Palatability ratings were categorically 
made on the basis of a comparison between 
the utilization and availability of browse 
species, by recording moose preferences 
when several species were present, and by 
noting which species were heavily browsed 
early in the season. Four plants (service- 
berry, mountain ash, red osier dogwood, and 
bog birch) are highly palatable and used so 
extensively that these species may be soon 
eliminated on the moose winter range here. 


DIscCUSSION 


Because the field data are subject to 
sampling error, the palatability ratings in 
Table 1 are more reliable in cases where 
tracking observations and direct observa- 
tion support the browse survey data. For 
example, red osier dogwood was virtually 
cleaned out long before the winter got un- 
derway. Moose frequently ignored willow 
adjacent to dogwood while stripping all of 
the current-year’s growth from the dog- 
wood. On eight occasions, this dogwood 
was observed to be eaten heavily while 
chokecherry, cottonwood, willow, aspen, 
and fir growing adjacent were lightly 
touched or not at all. On that basis, as well 
as the higher ratio between utilization and 
availability from the browse survey, dog- 
wood was rated higher. 

On the other hand, on 45 occasions moose 
were seen feeding in, or near, lodgepole 
pine. On only one occasion was a moose 
seen actually browsing on the pine. This 
bears out the low ratio as determined by the 
browse survey. 

Most of the ratings are based on both this 


ratio and a subjective evaluation. Those f, 
bog birch, mountain maple, the juniper 
and limber pine are based almost entirely oy 
the use-availability ratio from the browse 
survey. The bitterbrush rating is entire), 
subjective and based on the fact that it was 
always taken wherever it was found regard. 
less of other food available. 

I feel, however, that relative palatability 
ratings are often of questionable value ag jt 
appears that preference for an individual 
species varies with its abundance—fre. 
quently a species is browsed heavily whey 
uncommon, and only lightly when the plant 
is readily available. 

On the Jackson Hole study area, 57 pe 
cent of the willow has been heavily utilized 
with more than 50 per cent of the current. 
years growth removed. It is not know 
what constitutes the proper use for willow 
on Wyoming moose ranges, but it appears 
desirable to have a degree of use maintaip. 
ing a willow stand low enough to offer avail. 
able browse but not so heavily cropped as to 
be down to a level below maximum snow 
depth. In Alaska, Chatelain (1951) found 
that willow could stand having up to 50 per 
cent of the current-year’s growth removed 
but that over 50 per cent was detrimental, 
This figure can probably be applied to Wy- 
oming ranges. 

In the Jackson Hole area, willow makes 
up more than three-quarters of the winter 
diet of moose. This and the fact that willow 
thickets are concentrated along the Snake 
and Buffalo river bottoms suggest that the 
intensity of browsing on willow could be 
used as an index to possible moose overpop- 
ulation in the Jackson Hole area. The Al- 
dous browse survey conducted periodically 
in late winter or early spring could be used 
to determine range trends on this important 
moose winter range. 


At present the primary concern in the 
management of big-game populations in 
Jackson Hole is to control the numbers of 
animals. Continued depletion of range con- 
ditions may have severe and long-lasting ef- 
fects on vegetation. Moose numbers in Jack- 
son Hole are by no means as difficult to cor- 
trol as elk, but some legal restriction as well 
as local sentiment has prohibited a desirable 
harvest of virtually all big game in the val- 
ley. Predators capable of taking moose ef- 
fectively have been eliminated. Hunting is 
now the easiest means of controlling moose 
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numbers. Except in Grand Teton National 
Park where law specifically allows con- 
trolled reduction of elk by hunters depu- 
tized as park rangers, it is the policy of the 
National Park Service not to allow control of 
animal populations within park boundaries 
by public hunting. Fortunately, it appears 
that many of the moose on heavily utilized 
wintering areas within the park may summer 
on the adjacent Teton National Forest where 
the State of Wyoming allows hunting on a 
limited-permit basis. Because of the heavy 
willow utilization along the Buffalo Fork 
River, a larger hunter kill of moose on the 
northern portion of the Teton National For- 
est seems desirable. 


SUMMARY 


During the winter of 1953-54, a study was 
conducted to determine the winter food 
habits of moose in Jackson Hole, Wyoming. 
Over four thousand 1/100th-acre sample 
plots were analyzed; 150 individual moose 
were tracked, and browsed vegetation along 
the tracks recorded; 249 feeding moose were 
observed and the time each animal spent 
browsing on each species tabulated; and 
four stomachs were analyzed by the volu- 
metric method. 

Willow was found to be the single item of 
greatest importance, constituting three- 
quarters of the winter food taken. Alpine 
fir was second in importance, making up 
about one-tenth of the total diet. Choke- 
cherry, serviceberry, aspen, cottonwood, 


and lodgepole pine made up the remainder 
of the diet. Plant species of very high pala- 
tability included mountain ash, red osier 
dogwood, serviceberry, and bog birch. Sil- 
verberry, chokecherry, cottonwood, moun- 
tain maple, willow, aspen, and alpine fir 
were of high palatability. 

Because of the high percentage of willow 
in the diet of moose in Jackson Hole and the 
restricted wintering area of moose along the 
Snake and Buffalo Fork river bottoms, it is 
suggested that the degree of utilization of 
willow be used as an indicator of moose 
abundance. At present, moose wintering 
range along the Snake and Buffalo Fork riv- 
ers is overutilized and a reduction in moose 
numbers wintering on these areas is desir- 
able. In view of the fact that hunting is not 
allowed on park properties, more liberal 
hunting in adjacent areas is suggested. 
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SOME ASPECTS OF DOVE HUNTING IN GEORGIA’ 


Daniel J. Nelson? 


Georgia State Game and Fish Commission 


The mourning dove (Zenaidura ma- 
croura, Linn.) ranks second only to the quail 
as a game bird in Georgia. This paper dis- 
cusses dove shooting in relation to the dif- 
ferent regions of Georgia, the effect of var- 
ious open season dates, and hunter success 
as determined by bag checks. Data are pre- 
sented from four hunting seasons in the 
period starting September 16, 1949, and 
ending January 8, 1953. 

Georgia may be divided into three dis- 
tinct physiographic regions—mountains, 
piedmont, and coastal plain. Little or no 
dove hunting occurs in the mountains of ex- 
treme northern Georgia since the local 
people do not consider the dove a game 
bird. The Piedmont, which comprises most 
of northern Georgia, is separated from the 
coastal plain of southern Georgia by the fall 
line, which runs from Columbus on the west 
to Macon and Augusta on the east. The 
physiographic and climatic differences be- 
tween the Piedmont and Coastal Plain 
regions influence agricultural operations, 
which in turn determine seasonal flocking 
and abundance of doves. Dove shooting in 
the Piedmont is primarily over crops that 
have been cut for hay or combined for seed. 
Since these operations occur during the late 
summer, the major portion of the shooting 
takes place during the September open 
season. The coastal plain of Georgia in- 
cludes part of the wintering range of doves 
in eastern United States. Throughout the 
hunting months, flocks are seen in this sec- 
tion of the state feeding on grain wasted 
during the fall and winter harvest. 


PROCEDURE 


Hunter-success checks were organized 
each season utilizing the services of wildlife 
rangers and P-R biologists. Standardized 
bag-check forms were used to record num- 
ber of hunting efforts, hours hunted, doves 
bagged and cripples lost. During the 1949- 





1Contribution from P-R Project 17-R. 
2Now graduate assistant, Dept. of Zoology, Univ. 
of Georgia, Athens, Georgia. 
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50 split hunting season, the number of shel 
fired per dove bagged was recorded. Hunt. 
ers were questioned in the field to obtain 
data. Adult:juvenile ratios were  ascey. 
tained by examination of the greater py 
mary coverts according to the method de. 
scribed by Pearson and Moore (1940) 
During the season of September 16-30, 1949 
wings were checked in the field by biolo. 
gists; in the remaining seasons the right 
wings of doves were sent to the project 
leader for age determination. The figures jn 
the tables do not necessarily agree whey 
different measurements are applied to the 
data, such as the number of doves bagged 
and the number of doves aged. These dif. 
ferences were the result of partially com. 
pleted hunter-success check forms. Data 
were obtained on four state-wide hunting 
seasons: 


1949-1950 ____ split—September 16-30, 1949. 
and January 1-15, 1950, 
1950-1951 _ continuous—December 17, 1950, 
to January 15, 195]. 
split—September 15-29, 1951, 
and January 15-29, 1952, 
1952-1953 ____ split—September 15-29, 1952. 
and December 25, 1952, 
to January 8, 1953. 
Shooting hours were from 12:00 noon u- 
til sunset each day. 


1951-1952 _. 


HuntTinc Periops 


Comparison of annual shooting success 
was made on the basis of kill per gun how. 
The 1951-52 and 1952-53 seasons had a daily 
bag limit of eight birds, compared with a 
daily limit of ten each in the two previous 
seasons. Table 1 contains the results of the 
hunter-success checks conducted during 
each season, and Table 2 summarizes the re- 
sults of all seasons. A similar kill per gun 
hour was usually obtained in the piedmont 
of northern Georgia and the coastal plain of 
southern Georgia during the same open- 
season dates. The northern Georgia dove 
hunters did most of their hunting in the Sep- 
tember open seasons, but their limited De- 


cember and January shooting was compa- 
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Taste 1.— COMPARISON OF Four DOVE-HUNTING SEASONS, SEPTEMBER 1949 to JANUARY 1953 











Hunting Doves Per cent Number 
Season Efforts Doves Bagged Number Crippling Doves Per cent 
Checked Checked per Hour Crippled OSS Aged Juvenile 
1949-1950 
Sept. 16-30 
N. Georgia 266 1,572 2.04 381 24 568 55 
S. Georgia 141 816 2.25 177 22 686 67 
State-wide 407 2,388 2.11 558 23 1,254 62 
Jan. 1-15 
N. Georgia 102 443 1.54 125 28 — — 
S. Georgia 517 2,152 1.49 62 29 nee —— 
State-wide 619 2,595 1.50 752 29 a a 
1950-1951 
Dec. 17, 1950, to 
Jan. 15, 1951 
N. Georgia 62 331 2.16 127 38 365 12 
S. Georgia 229 1,199 2.25 589 49 1,444 12 
State-wide 291 1,530 2.23 716 47 1,809 12 
1951-1952 
Sept. 15-29 
N. Georgia 135 534 1.84 176 32 585 72 
5. Georgia 203 722 1.72 303 39 487 75 
State-wide 338 1,306 1.76 479 37 1,072 73 
Jan. 15-29 
N. Georgia 15 53 1.54 24 45 26 27 
S. Georgia 167 594 1.21 239 40 435 6 
State-wide 182 647 1.23 263 41 461 7 
1952-1953 
Sept. 15-29 
N. Georgia 254 1,230 1.66 502 41 898 74 
S. Georgia 121 682 2.04 151 22 127 74 
State-wide 375 1,912 1.78 653 34 1,625 74 
Dec. 25, 1952, to 
Jan. 8, 1953 
N. Georgia only one hunting effort checked 
S. Georgia 117 469 1.53 178 39 428 13 





rable with that found in southern Georgia. 
Hunting was more successful during Sep- 
tember open seasons than during December 
and January seasons. An exception was the 
late continuous season of 1950-51 in which 
the highest state-wide kill per gun hour was 
obtained during the period of this study. 
This was thought to have been the result of 
a severe cold wave at Thanksgiving, which 
pushed doves into Georgia from northern 
states. Hunters reported more and larger 
flocks of doves than they had seen for sev- 
eral years. 

During the 1949-50 split season an aver- 
age of 4.0 shells was fired for each of 2,388 
doves bagged in September, while 4.1 shells 
were required for each of 2,595 doves bag- 


ged in January. Seventy per cent of the 
doves bagged by hunters in September were 
juvenile birds, while only 11 per cent of the 
doves bagged in December and January 
were juveniles. Since the population sample 
obtained by hunting proved to be no easier 
to bag in September (when large numbers 
of juvenile doves were present) than in De- 
cember and January (when the population 
sampled consisted primarily of doves 
classed as adults ), there is here no evidence 
that juveniles are any more vulnerable to 
hunting than adults. It was Leopold’s 
(1921) opinion that young birds were as 
hard to bag as old ones. Hickey (1952), 
who studied a somewhat limited number of 
dove-band returns on a continental basis, 
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TABLE 2.—SumMMarRy OF Four DovE-HUNTING SEASONS, SEPTEMBER 1949 To JANUARY 1953 











Season and Hunting Doves Per cent Number 
ieee Ghecke = Checiea perfec, ummbey, | Spring owes Paro 
per Hour Jripplec OSS Age Juvenile 

September 

N. Georgia 655 3,336 1.84 1,059 31 2,051 68 

S. Georgia 465 2,270 1.98 631 28 1,900 72 

State-wide 1,120 5,606 1.90 1,690 30 3,951 70 
Dec.-Jan. 

N. Georgia 179 827 1.74 276 33 391 13 

S. Georgia 1,030 4,414 1.59 1,633 37 2,307 ll 

State-wide 1,209 5,241 1.61 1,909 36 2,698 ll 
Totals 

N. Georgia 834 4,163 1.83 1,335 32 

S. Georgia 1,495 6,684 Lat 2,264 34 

State-wide 2,329 10,847 1.75 3,599 33 





could not detect a marked difference be- 
tween the vulnerability of juvenile and 
adult doves to hunting. 


MorTALITY AND MOVEMENTS 


The crippling loss of birds shot down and 
not found and of those thought to have been 
hit by shot was 33 per cent of the doves bag- 
ged. Loss of downed birds was usually de- 
pendent on the type of cover where they 
fell. Hunters usually face the open shooting 
field, and it is those shot birds that fall be- 
hind the hunter, in cover, that are lost. The 
loss of flying cripples was high, due to hunt- 
ers firing at birds out of killing range and 
the fact that few dove hunters are accurate 
shots on doves. The number of shells fired 
per dove bagged indicates a high potential 
crippling loss, although Leedy and Hicks 
(1945:71) in Ohio found that an average of 
4.2 shells was fired for each pheasant 
(Phasianus colchicus) bagged and that the 
crippling loss was only 17.8 per cent of the 
number bagged. Bellrose (1953) compiled 
data on losses of downed ducks in the 
United States, and obtained a crippling loss 
equivalent to 29.4 per cent of the ducks 
bagged. An additional 8 per cent loss of fly- 
ing cripples was indicated. In my exper- 
ience, the kind of shots taken by hunters at 
doves and ducks are similar, and the crip- 
pling losses are approximately the same. 
The loss in jump-shooting pheasants is 
roughly one-half that found in dove and 
duck hunting. The difference in crippling 


losses may be due to the type of shots taken 
by hunters. 


Table 3 (compiled from Peters, 1951, 
1952a, 1952b) compares monthly out-of. 
state dove-band recoveries per 100 days of 
open season in the Piedmont and Coastal 
Plain from 1920 to 1952. Prior to 1947, split 
seasons together with split states were per. 
missible under dove-shooting regulations, 
Therefore it must be cautioned that an un 
even distribution of the number of open- 
season days has prevailed between northem 
and southern Georgia. This could bias these 
results if there were regional differences in 
the proportion of banded doves present at 
the start of each shooting season. These 
data, while limited, indicate that relatively 
few banded, migratory doves were killed in 
Georgia during September open seasons and 
that northern Georgia hunters did not kill 
many banded birds in December or Jan- 
uary. The differential kill of banded doves 
in December and January, as between the 
piedmont of northern Georgia and _ the 
coastal plain of southern Georgia, indicates 
that southern Georgia is the main wintering 
ground for doves within the state, and that 
apparently the main migration into Georgia 
occurs after the September shooting season. 
Some of the differential kill of banded doves 
may be due to lack of hunting pressure in 
northern Georgia during the December and 
January seasons (see Tables 2 and 3). The 
migration of doves into the Coastal Plain 
would be expected to provide more birds 
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TABLE 3. — SEPTEMBER THROUGH JANUARY COMPARISON OF OUT-OF-STATE DOvE BANDS RECOVERED FROM 
‘ 1920 ro 1952 








No. Bands Recovered 








No. Days of No. Out-of-state per 100 Days of Open 

Open Season Band Recoveries Season 
Month N. Ga. S. Ga. N. Ga. S. Ga. N. Ga. S. Ga. 
September 342 250 3 3 0.88 1.20 
ondes 258 198 0 2 0 1.01 
Novesaber 335 390 5 17 1.49 4.36 
December 605 700 4 44 0.66 6.29 
January 742 742 6 58 0.81 7.96 





for the shooters during the December and 
January seasons. This is not the case as 
shown by the kill per gun hour (Table 2). 
Factors that would tend to reduce the kill 
in December and January seasons are the 
natural fall mortality and dispersal of 
doves. Moore (1950) was of the opinion 
that 49 to 55 per cent of the annual dove 
population loss was through natural mortal- 
ity. Some of this would be expected to occur 
between the end of September and the start 
of a late season in December, but with pres- 
ent information it is impossible to evaluate 
its influence on the subsequent dove kill. 
The dispersal of doves resulted from the 
availability of more feeding areas because of 
the fall harvest of crops. The numerous 
feeding areas tended to break up the large 
dove flocks that were highly vulnerable to 
the hunters. Field observations during the 
open seasons indicated that shooting pres- 
sure directly affected local dove movements 
and feeding habits. When numerous feed- 
ing sites were available, doves were ob- 
served to leave the shooting field to feed on 
adjoining fields where they were not mo- 
lested. Doves have also been found using 
less desirable feeding areas, such as small 
open patches in grain fields grown up with 
annual weeds. 


SUMMARY 


Dove kill information was obtained from 
four hunting seasons from September 16, 
1949, through January 8, 1953. Hunters 
were interviewed in the field by enforce- 
ment personnel and biologists in two dis- 
tinct physiographic regions of Georgia, the 
piedmont and coastal plain. A higher kill 
per gun hour was found during September 
seasons than in December and January and 


is considered to be an index to abundance. 
A similar kill per gun hour during the same 
open-season dates was usually found in 
northern and southern Georgia. 

Juvenile doves were apparently not easier 
to bag than adults. Dispersal of doves and 
natural mortality are thought to be respon- 
sible for reducing the kill per gun hour dur- 
ing the December and January seasons. 
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AN APPRAISAL OF OVARIAN ANALYSES IN DETERMINING 
REPRODUCTIVE PERFORMANCE OF BLACK-TAIL™=D DEER! 


Frank B. Golley 
Department of Zoology, The State College of Washington? 


During investigation of the reproductive 
performance of the Columbian black-tailed 
deer (Odocoileus hemionus columbianus ) 
in western Washington (Golley, 1954), 
some information was obtained on the limi- 
tations of determining reproductive per- 
formance by analyses of structures in ovaries 
collected during the anestrous period. The 
data also suggest a need for further re- 
search to refine the technique of analyzing 
ovaries originally established by Cheatum 
(1949). One aspect of Cheatum’s technique 
was designed to measure reproductive per- 
formance from pregestation ovarian data 
obtained during hunting seasons. Signifi- 
cantly large numbers of does for statistically 
reliable measurements of reproductive per- 
formance usually can be collected only dur- 
ing this period of the year. 

The first part of the technique consists of 
determining “ovulation incidence,” i.e., the 
number of eggs ovulated per doe during the 
estrous cycle in which conception occurs. 
This is done by counting corpora albicantia 
of corpora lutea of pregnancy. Corpora al- 
bicantia are connective tissue scars result- 
ing from degeneration of luteal tissue. 
These structures may or may not be pig- 
mented. The corpora albicantia formed af- 
ter parturition from corpora lutea of preg- 
nancy are frequently designated as “pig- 
ment scars’ or “pigment spots.” In applying 
the technique, it is necessary to assume that 
corpora albicantia of corpora lutea of preg- 
nancy (1) persist until fall, when ovaries are 
collected during hunting seasons, and 
(2) can be distinguished from other pig- 
mented corpora albicantia that might oc- 
cur in the ovary. 

Cheatum identified corpora albicantia of 
corpora lutea of pregnancy by eliminating 
pigmented scars resulting from other 





1Contribution (No. 1) from the Washington 
Wildlife Research Project, the State of Washington 
Department of Game and the State College of 
Washington cooperating. 

2Presently at Department of Zoology, Michigan 
State University, East Lansing, Michigan. 


sources on the basis of the following assump. 
tions: (1) corpora albicantia of corpor 
lutea of pregnancy persist in the ovary fo 
at least eight months after parturition 
(2) corpora albicantia formed from corpor, 
lutea of estrus (ovulation without ensuip 
pregnancy ) do not become pigmented, anj 
(3) corpora albicantia of corpora lutea of 
pregnancy can be distinguished from og. 
pora albicantia of luteinized, nonovulatej 
follicles on the basis of their larger size, 

Having established the ovulation ing. 
dence, Cheatum multiplied this figure by 
the “frequency of fertilization,” the percent. 
age of corpora lutea represented by embryos 
in the uterus, to obtain the production of 
fawns per doe. Frequency of fertilization js 
based on data from road-killed deer or lim. 
ited collections made during the gestation 
period (usually the posthunting season), 

It is with the determination of ovulation 
incidence that the present paper is primarily 
concerned. 


METHODS 


In 1952, ovaries were collected from does 
killed during the either-sex deer season held 
from October 23 to October 26 on the Clem. 
ons Tree Farm near Elma, Washington. The 
ovaries were removed from deer brought 
through checking stations operated by the 
State of Washington Department of Game. 
Ovaries were also taken from does collected 
in the field from January to March 1952, 
and from December 1952 to June 1953. 

A total of 151 pairs of ovaries (95 pairs 
from adults ) were collected during the 1932 
deer season. Ovaries were obtained from 
15 field-collected does in 1952, and 21 does 
in 1953, making a total of 36 ovaries col- 
lected during the winter portion of the ges- 
tation periods. 

All ovaries were fixed and stored in a 10- 
per-cent solution of Formalin. Each ovary 
was sectioned sagittally with a razor blade 
into four or five slices, and the cut surfaces 
were then examined for corpora lutea, pig- 
mented bodies, and large follicles. Measure- 
ments were taken of corpora lutea, large 
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corpora albicantia, and the larger Graffian 
follicles. External surfaces of the ovaries 
were examined for the presence of apparent 
e sites. 

— obtain information concerning the 
cyelic changes that occur in the ovary and to 
identify ovarian structures seen during gross 
examination of the ovaries, a histological 
study of 43 ovaries was undertaken. The 
ovaries were dehydrated and cleared in di- 
oxane, and embedded in Watermann’s mix- 
ture. After embedding, they were sectioned 
at 10 microns, every fourth or fifth section 
being saved for preparation of slides, using 
Harris’ haematoxylin and eosin stain. Each 
section was examined under a microscope 
and compared with drawings previously 
made of the gross view of the ovary. 


FINDINGS AND DISCUSSION 


The examination of 95 pairs of adult ova- 
ries collected during the hunting season 
showed that ovaries from 35 does (37 per 
cent of the ovaries examined) contained 
three to eight pigmented spots, as indicated 
in the following tabulation: 


Number Corpora Albicantia Number Pairs 
from All Sources of Ovaries 
10 
24 
26 
13 
15 
2 
3 
1 
1 


If the assumption is made that two cor- 
pora albicantia of corpora lutea of pregnancy 
represent the approximate average potent- 
ial, the data indicate that all pigment spots 
do not represent corpora albicantia of 
corpora lutea of pregnancy. 

When the criteria of size and color de- 
scribed by Cheatum (1949) were used to 
distinguish corpora albicantia of corpora 
lutea of the immediate past pregnancy from 
other corpora albicantia in ovaries collected 
during the fall hunting season, an ovuiation 
incidence of 1.74 ova per doe was obtained. 
This statistic was about 18 per cent higher 
than the ovulation incidence derived from 
gestation-period ovaries (1.47 ova per doe), 
indicating again that additional ovarian pig- 
ment spots were being counted as corpora 


CONDURONE © 


albicantia of corpora lutea of pregnancy. 
The Chi-square test showed that the number 
of corpora albicantia in the two groups of 
ovaries was significantly different at the 
five-per-cent level. 

Corpora albicantia might theoretically 
arise from several sources other than corpora 
lutea of pregnancy. Cheatum (1949:285 
states that in the white-tailed deer (Odocoil- 
eus virginianus) corpora lutea of estrous 
cycles not followed by pregnancy do not 
form pigmented corpora albicantia. Evi- 
dence that corpora lutea of estrus in the 
black-tailed deer at least occasionally form 
pigmented corpora albicantia was found 
during examination of the ovaries of an 18- 
year-old penned doe which died in Decem- 
ber 1952 at Bremerton, Washington. The 
ovaries of this doe contained two large, 
bright, orange-colored scars and ten smaller 
pigmented spots. This doe never had been 
out of its enclosure, and, as far as was 
known, it never had copulated with a buck. 
For this reason, it was thought that the two 
large corpora albicantia were probably 
formed from corpora lutea of estrus that did 
not persist but degenerated shortly after 
formation. 

While the corpus luteum of pregnancy is 
being formed, degenerating follicles may 
also become luteinized, probably through 
the influence of the luteinizing hormone 
produced in the anterior pituitary. In the 
rhesus monkey (Macaca mulatta) these 
bodies are called corpora lutea accessoria by 
Corner (1942:95), and are similar in ap- 
pearance to the corpus luteum of pregnancy, 
although smaller in size. The corpus luteum 
accessorium acts as a satellite to the corpus 
luteum of pregnancy and degenerates with 
that body. If the corpus luteum accessorium 
forms a pigmented corpus albicans, it may 
be extremely difficult to distinguish this 
from the corpus albicans of a corpus luteum 
of pregnancy. 

In the rat (Rattus norvegicus), porcu- 
pine ( Erethizon dorsatum ), rhesus monkey, 
and man, unruptured follicles during atresia 
may form structures similar in appearance 
to the corpora lutea of pregnancy; these are 
termed corpora lutea atretica. Conceivably, 
these atretic follicles may form pigmented 
scars that could be confused with corpora 
albicantia of corpora lutea of pregnancy. 

Aside from the above considerations, dif- 
ficulty may also be experienced in obtaining 
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a true count of the corpora albicantia of 
corpora lutea of pregnancy for the follow- 
ing reasons. Pressures within the ovary may 
hasten the disappearance of the corpus al- 
bicans or change its appearance so that it 
would be almost impossible to identify ac- 
curately the macroscopic structure. These 
pressures probably arise from the growth 
of follicles and corpora lutea. Conceivably, 
the corpus albicans could be divided by 
growing follicles and corpora lutea into sev- 
eral fragments of pigmented tissue and 
would give the appearance of two or more 
corpora albicantia in place of the original 
one. In cases of extreme ovarian activity 
the corpus albicans could be so deformed 
and compressed that examination of the 
ovary would reveal no evidence of the pig- 
mented tissue. 


The corpu: albicans of the corpus luteum 
of pregnancy can be recognized as long as 
eight months following parturition (Cheat- 
um, 1949:288). Corpora albicantia may 
also be present in ovaries collected in late 
winter and spring (Table 1). The persist- 
ence of corpora albicantia of corpora lutea 
of pregnancy for more than one year, or the 
persistence of corpora albicantia of any 
other source four or five months after par- 
turition (when the collections are made), 
would cause additional confusion in obtain- 
ing an accurate count of corpora albicantia 
of corpora lutea of pregnancy. 

Assuming that corpora albicantia of cor- 
pora lutea of the immediate past pregnancy, 
corpora albicantia of corpora lutea of estrus, 
corpora albicantia of corpora lutea acces- 
soria, and corpora lutea atretica are formed 
in deer, these and corpora albicantia of any 


TasBLE 1.—OvuLATION INCIDENCE AT MONTHLY 

INTERVALS, SHOWING PERSISTENCE OF CORPORA 

ALBICANTIA IN OVARIES COLLECTED IN WINTER 
AND SPRING 1953 











Number of Number of 

Adult Corpora Ovulation 
Month Deer Albicantia Incidence 
December 2 2 1.00 
January 4 5 1.25 
February 3 4 1.33 
March 3 4 1.33 
April 5 7 1.40 
May 2 3 1.50 
June 2 1 0.50 





source which were formed prior to the pre 
vious breeding season and persisted jn the 
ovary might be present in ovaries Collected 
during the fall hunting season. 
Histological examination of corpora albj. 
cantia revealed no discernible difference, in 
cell structure or cell types in corpora alhj. 
cantia of varying sizes or in those collected 
during different parts of the year, with the 
exception of corpora albicantia of corpor, 
lutea of pregnancy in ovaries collectej 
within 20 to 30 days following parturitioy 
These bodies contained remnants of luteiy 
cells (Fig. 1); lutein cells disappeared jy 
ovaries collected two months following par. 
turition. The rapid degeneration and 
shrinkage of the lutein tissue were shown} 
corpora albicantia of corpora lutea of preg. 
nancy, measuring 2 by 3 mm. in diameter, in 
ovaries collected approximately 30 days af. 
ter parturition, as compared to corpora lute, 
of pregnancy, measuring 9 by 11 mm. in 
diameter, in ovaries collected near the end 





Bis. 


Fic. 1. Photomicrograph of a recent corpus albi- 
cans of a corpus luteum of pregnancy, showing de- 
generative lutein cells (directly above center) and 
invading connective tissue (oblong nuclei). (x95) 
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of the gestation period. ; 
Histologically, corpora albicantia col- 
lected in October were characterized by 
radial spokes of connective tissue, groups 
of vascular elements, and hemosiderin 
crystals (Fig. 2). ’ 
Corpora lutea of pregnancy were identi- 
fied on the basis of size. Possibly because of 
their endocrine function, the corpora lutea 
of pregnancy are usually larger than the 
corpora lutea of estrus (Graves, 1931:25) 
and other “luteinized follicles” (Cheatum, 
1949:288). In examination of 36 pairs of 
ovaries, two luteal structures other than 
corpora lutea of pregnancy were observed. 
At their largest diameters these bodies 
measured 1 by 2mm. The ovaries also con- 
tained functional corpora lutea of preg- 
nancy that ranged in diameter from 9 to 11 
mm. Because of the size differential, diffi- 
culty was rarely encountered in distinguish- 
ing between corpora lutea of pregnancy and 
corpora lutea of other sources. The small 
luteal structures occurred in only 0.07 per 


Fic. 2. Photomicrograph of a corpus albicans from 
an ovary collected in October 1952, showing group- 
ing of circular vascular elements. (x43) 





cent of the ovaries examined. Since corpora 
lutea of pregnancy could be easily recog- 
nized, ovulation incidence derived by exam- 
ination of ovaries collected during the gesta- 
tion period is thought to yield an accurate 
estimate of the true ovulation incidence of 


the deer herd. 
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CONCLUSIONS 


The technique of determining reproduc- 
tive performance by counting corpora albi- 
cantia of corpora lutea of pregnancy is ex- 
tremely valuable in the analysis of deer pop- 
ulations, since large collections of ovarian 
material can often be collected during fall 
either-sex deer seasons. If the technique is 
utilized for black-tailed deer collected at 
this time, it must be recognized that consid- 
erable error (18 per cent in the present 
study) may be introduced into the deter- 
mination of ovulation incidence by inac- 
curate identification of corpora albicantia 
of corpora lutea of pregnancy. If an ovula- 
tion incidence determined from corpora 
lutea of pregnancy is available as a check 
and guide, the accuracy of the determina- 
tion may be increased. 
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NATURAL REPRODUCTION AND SURVIVAL OF 
CARP IN SMALL PONDS 


Donald Mraz and Edwin L. Cooper 


Wisconsin Conservation Department, Madison, Wisconsin 


Carp were first planted in Wisconsin 
waters about 1880. By the year 1900 they 
were so abundant that control measures 
were sought to prevent them from dominat- 
ing the environment in many lakes contain- 
ing good populations of warm-water game 
fishes. From 1912 to the present time, pro- 
duction records indicate a well-organized 
program aimed at control of rough fish in 
Wisconsin, and investigations have been 
conducted to make control measures more 


effective (MacKenzie, 1936). 


From 1912 to 1954 inclusive, more than 
200 million pounds of rough fish have been 
removed from Wisconsin waters. The major 
part of this total was carp (Cyprinus carp- 
io). Analysis of the catch reports for some of 
the more heavily fished and more produc- 
tive waters show the importance of strong 
year classes in the fishery (Hacker, 1952a, 
1952b; Helm, 1951; Threinen, 1952). A tab- 
ulation of the size frequency of carp in the 
catch indicated that as much as 80 per cent 
of the catch were of one year class. In some 
instances this year class could be easily 
traced through a fishery for several years. 


In lakes where rough fish removal had 
been conducted only sporadically, catch rec- 
ords showed that the carp were nearly all 
of the same size and usually quite large. An 
eradication project on a lake that had never 
been seined yielded carp of rather uniform 
size and an average weight of seven pounds 
(Mraz and Threinen, 1954). Very few carp 
of smaller sizes were encountered. 


From these observations, it was decided 
to test the idea that population density of 
adult fish is an important factor in carp re- 
production. Black (1948) reported no suc- 
cessful reproduction of carp in holding 
ponds, but the density of adult fish in these 
experiments was in excess of 75,000 pounds 
per acre. In order to test this idea at levels 
encountered in nature, an experiment was 
designed to measure the natural reproduc- 
tion originating from various densities of 
brood stock. 
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MATERIALS AND METHOps 


In 1953, three ponds were made available 
at the U.S. Fish and Wildlife Service fish 
hatchery at Lake Mills, Wisconsin. The 
ponds, similar in most respects, were form. 
erly used to rear largemouth bass ( Microp. 
terus salmoides). Ponds I, I, and III were 
0.58, 0.58 and 1.26 acres, respectively. Each 
had a maximum depth of about 6 feet, The 
ponds were fed from a single water source 
had separate outlets, and each could be op. 
erated independently. In 1954 and 1955 two 
additional ponds were used; Pond IV was 
0.94 acre and Pond V was 1.21 acres. 

All of the adult carp used were mature 
and were obtained from Lakes Koshkonong 
and Waubesa in southern Wisconsin, Be- 
cause they were placed in the ponds in May 
just prior to spawning time, sex determina- 
tion was quite accurate from gross observa- 
tion of body shape and the ripeness of the 
males. Fish of similar sizes were used in all 
the ponds. The densities of brood stock 
used in 1953 were 75, 150, and 225 pounds 
per acre. In 1954 and 1955, additional den- 
sities of 37.5 and 450 pounds per acre were 
used (Table 1). The stocking rates were 
varied in a single pond from year to year to 
minimize pond individuality. The fish were 
not fed at any time, nor were the ponds fer- 
tilized artificially. 

The ponds were drained in late August or 
early September of each year. To prevent 
escape of small fish, screens were placed at 
the outlet during the draining operation. As 
the water was lowered, most of the young 
fish collected in seining kettles at the deep 
end of the pond. Those not caught in the 
kettles were netted or poisoned. By this 
means all fish remaining in the pond at the 
time of draining were counted and the total 
weight obtained. Samples of the young fish 
were taken to determine average lengths 
and weights. In all years there were few fish 
other than the carp present at draining. 
These probably gained access to the ponds 
during the spring when the ponds were be- 
ing filled. 
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TABLE 1. — PRODUCTION OF CARP IN SMALL Ponps at LAKE MILLs, WISCONSIN 





Total Standing 








Adult Carp Young Carp Average Total 
Stocked in Adult Carp Percentage Recovered Length of Crop of All 
| Number, Pounds per Recovered in of Survival in Pounds Young Carp Carp in Pounds 
aa Tear Acre Pounds per Acre Adult Carp per Acre (inches ) per Acre 
Pond I 
( 1.26 acres ) 
1953 295 214.3 99 308.7 4.8 523.0 
1954 150 128.7 88 174.6 3.5 303.3 
1955 75 87.6 100 98.4 4.5 186.0 
Pond II 
(0.58 acres ) nie 
1953 150 136.9 100 265.5 3.4 402.4 
1954 75 59.5 75 202.4 o4 257.9 
1955 225 193.9 97 106.9 4.2 300.8 
Pond III 
0.58 acres ) 
1953 75 92.1 92 276.6 a7 368.7 
1954 225 195.6 100 185.6 3.0 381.2 
1955 150 147.4 100 203.4 5.0 350.8 
Pond IV 
(0.94 acres ) 
1954 450 363.0 99 305.3 3.4 668.3 
1955 37.9 47.2 100 319.1 rs ay | 366.3 
Pond V 
(1.21 acres) 
1954 37.5 21.5 50 266.1 4.2 287.6 
1955 450 401.8 93 206.6 3.3 608.4 
RESULTS There are indications that the standing 


Perhaps the most important observation 
from these experiments was the high rate of 
natural reproduction that occurred in each 
pond in each of the three years (Table 1 and 
Fig. 1). The minimum standing crop of 
young carp in individual ponds in these ex- 
periments was 98.4 pounds per acre, and the 
maximum standing crop was 319.1 pounds 
per acre. This was somewhat unexpected in 
view of the poor natural hatches that have 
often been reported for lakes in this part of 
Wisconsin. 

There was little apparent correlation be- 
tween the standing crop of three-month-old 
carp and pounds per acre of adult brood 
carp stocked in the spring. The survival of 
the adult carp was high at all stocking rates 
(average 95.2 per cent) and in some in- 
stances the total weight of the brood stock 
increased in addition to the large produc- 
tion of young fish. In all instances, there 
was a net increase in the total standing crop 
of young and adult carp combined indicat- 
ing that all ponds were stocked below their 
ila capacity, at least on a short-term 
basis. 


crop of young carp in Ponds I, II and III 
generally decreased from one year to the 
next, but this was not observed in Ponds IV 
and V, and we are reluctant to draw any 
conclusion on this phenomenon at this time. 


APPLICATION OF FINDINGS TO A ROUGH-FISH 
REMOVAL PROGRAM 


Based on their experiences in Bass Lake, 
Indiana, Ricker and Gottschalk (1941) 
stated that carp removal was_ beneficial 
to game-fish populations. When coarse 
(rough) fish were removed from this lake, 
the muddy water cleared, vegetation in- 
creased, and game-fish populations in- 
creased. However, they pointed out that fol- 
lowing the Bass Lake experiment, similar at- 
tempts were made on other lakes, the great 
majority of which failed partly because of 
unsuitable seining conditions and low num- 
bers of fish removed. Rose and Moen 


(1953) also have reported an increase in 
game-fish populations in East Okoboji Lake, 
Iowa, as a result of intensive rough fish re- 
moval. 

Black (1946) and Threinen and Helm 
(1954) have demonstrated destruction of 
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aquatic plants by carp. There is little ques- 
tion but that intensive removal of carp or 
their complete eradication will alter con- 
ditions of the habitat and in some cases to 
the betterment of the game fish. However, 
in many lakes where removal efforts are 
made, little improvement could be expected 
because the lake contained only a small pop- 
ulation of carp and only a few were caught. 

The contention that the presence of carp 
in small numbers is detrimental to game fish 
is strongly disputed by the fact that nearly 
every lake in southern Wisconsin has carp 
present, yet game fish thrive except in those 
where a dense carp population exists. None- 
theless, there is constant pressure by the 
public to remove carp even in situations 
where their numbers are known to be small. 

On the other hand, in lakes harboring a 
large carp population such as Lake Kosh- 
konong in Jefferson County, where sein- 
ing conditions are good and crews are lo- 
cated nearby, an annual harvest of approx- 
imately one million pounds of carp appears 
to be wise utilization of an existing food re- 


Production of carp in small ponds at Lake Mills, Wisconsin. 


source. 

From the present experiments, the control 
of carp in lakes by using large crews and 
equipment cannot be justified where carp 
populations are minimal. The reduction of 
adult carp cannot be expected to control 
future reproduction since, in the present ex- 
periments, large year classes have resulted 
even from very small brood stocks. This is 
easily understood when one considers that 
the potential egg deposition of one female 
carp of four to five pounds may exceed 200, 
000 eggs. 

Relief from the environmental destruction 
to aquatic plants, reduced roiling of the 
water, and lessened competition for the 
available food supplies are the chief benefits 
to be gained from carp control if it can be 
made effective enough. However, there are 
indications that adequate control of carp by 
seines is apt to be a difficult and expensive 
procedure. Recent tests indicate, in lakes as 
small as 300 acres and relatively easy to 
seine, that it may take up to eight seine 
hauls with adequate gear to get rid of 90 per 
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the carp present (Neess, Helm, and 
. 1955). Because of the difficulties 
inherent in capturing enough carp to insure 
adequate and continuing control, rough fish 
removal has often appeared to have been a 
matter of harvesting the annual increment 
of the rough fish populations (Moyle, 
1949). The long history of this effort and 
the stability of the production records in the 
major rough fish lakes in Wisconsin also 
hear witness to the continuing need for de- 
velopment of better methods for effecting 
control of this unwanted species. 
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SUMMARY 


These experiments were designed to test 
the idea that population density of adult 
carp is an important factor in the success of 
natural reproduction of this species. Thir- 
teen trials were made in small ponds during 
a three-year period utilizing stocking rates 
ranging from 37.5 pounds per acre to 450 
pounds per acre of adult carp. The standing 
crop of young carp at the time of draining 
the ponds after one summer’ operation 
ranged from 98.4 to 319.1 pounds per acre. 
There was little apparent correlation be- 
tween the standing crop of adult fish 
stocked in ponds and the standing crop of 
young fish produced during the first sum- 
mer. From the present experiments, the 
control of carp in lakes cannot be econom- 
ically justified where carp populations are 


small. Also, there is no reason to expect a 
sudden increase in reproduction resulting 
from an intensive removal of adult carp. 
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PUBLIC RELATIONS ASPECTS OF WILDLIFE MANAGEMENT 
Clarence A. Schoenfeld 


School of Journalism, University of Wisconsin 


Quite as much as the management of game 
itself, wildlife management involves human 
factors. This complication has always been 
with us, but its deeper ramifications have 
only begun to be appreciated. 

P. S. Lovejoy was a pioneer in understand- 
ing the public relations aspects of wildlife 
management. Gordon (1944:7) has noted 
this “human element—the public relations 
problem” in conservation. Leopold (1946:4) 
wrote near the close of his career that “a 
conservation commission can operate up to 
the level of public opinion, but finds a drag 
when it attempts to proceed beyond that 
point.” King (1948:10) is one of a number 
of modern biologists who see that “the real 
core of the (wildlife management ) problem 
seems to be that the public does not under- 
stand our program and so is not ready to 
adopt it.” 

A generation ago, we were confident that 
once we had collected a body of scientific 
knowledge about wildlife crops and crop- 
ping, all would be well. Today we realize 
that wildlife management cannot function in 
America without public support, or at least 
without public sufferance, and that the de- 
velopment of a favorable climate of public 
opinion must accompany or even precede 
the management of game. 

Why and how the change in attitude? 

We began this century with convictions 
about the usefulness of bounties, refuges, 
and restrictions on the take. Our wealthy 
people copied the British techniques of arti- 
ficial propagation and release. Then, as we 
picked up the idea that wildlife is a crop 
that is grown on the land, we came to realize 
the important role of the land owner. Today, 
with our increasingly heavy hunting and 
fishing pressure, and a clearer knowledge of 
the carrying capacity of our game range, 

we are embarked on involved schemes of 
controlled hunting. At the same time we 
have had to drop such widely accepted ideas 
as the inviolability of refuges, the threat of 
overfishing on lakes, and the efficiency of 
bounty systems. 

In the face of all these developments we 
are being asked to manage game in a scene 


rd 


( 


of intricate economic phenomena involvin 
subsidized drainage, the popularity of g. 
gantic engineering schemes, and the efforts 
of both engineers and agriculturists to py 
more and more wild land under the plow 
Conservation in 1907 was predicated on 4 
few simple biological facts; in 1957 it is 
involved in a vast socio-economic complex 
in which the taxpayer is a key factor, 

This evolution has complicated immensely 
the task of the wildlife manager. As Gabriei. 
son (1941:110) saw, “The most uncertain 
factor (in wildlife management) is pot 
management (of game) itself but public 
support for a suitable and effective pro. 
gram.” Henderson (1954) reports that “sel. 
dom in the history of human events have 
so many known so little about so much as 
the public knows about official conservation 
operations.” MacQuarrie (1948) said “trained 
men are doing things they do not want to 
do but are forced to do” by ill-advised sports. 
men. 

The management of rabbits in Pennsylva- 
nia, of trout in Maryland, of deer in Wiscon- 
sin, of panfish in Kentucky, of ducks in the 
Dakotas, of antelope in Wyoming—these are 
not exclusively or even primarily problems 
in biology today; they are problems in public 
relations. They are problems because the 
development of public opinion has not been 
kept in pace with the development of scien- 
tific knowledge. Outdoor America is full 
of conservation programs that are sputtering 
along, not because they are based on inac- 
curate or insufficient research but because 
they lack sufficient public understanding 
and support. 

To apply to public relations an ecological 
term, public opinion has come to constitute 
a threshold which effectively controls the 
application of game-management techniques 
to public conservation problems. The re- 
sulting bottleneck in American wildlife man- 
agement is less an inadequate research base 
for operations than an adequate public sup- 
port of sound management practices. When 
the practice of wildlife management learns 
to invest as much time and talent in the 
study and application of public relations as 








in the : 
can eX] 
forty. 
Ash 
the wi 
relatiot 
much i 
by pul 
and p 
comm 
and in 
an ent 
jnterp! 
those 
to brit 
ful ac 
princi 
adjust 
wind | 
relatic 
ning, | 
ter, 1 
searcl 
inher 
As: 
life n 
centu 
relati 
yet ir 
Both 
both 
and | 
some 
serva 
Th 
teste 
life n 
princ 
state 
wild! 
De 
prin 
is p 
seco! 
are | 
say. 
whic 
ging 
men 
prac 
This 
cons 
sup] 
basi 
are. 
on t 








NT 


Volving 
’ of gi- 
, efforts 
to put 
€ plow, 
d on a 
7 it is 
omplex 
rr. 

nensely 
abriel. 
certain 
is not 
Public 
€ pro- 
at “sel. 
S have 
uch as 
‘vation 
rained 
ant to 
sports- 


sylva- 
iscon- 
in the 
SE are 
blems 
ublic 
e the 
been 
scien- 
s full 
ering 
inac- 
cause 
ding 


gical 
‘itute 
; the 
ques 
2 Te. 
man- 
base 
sup- 
Then 
‘arns 

the 


IS as 








Pustic RELATIONS ASPECTS OF WILDLIFE MANAGEMENT 


in the study and application of ecology, we 
can expect some progress on Leopold's “back 
"nhs moves out to study public relations, 
the wildlife manager will find that public 
eations and wildlife management have 
much incommon. Public relations is defined 
by public-relations men as those functions 
and policies designed to bring about the 
communication and interpretation of ideas 
and information to all the various publics of 
an enterprise; and the communication and 
interpretation of information and ideas from 
those publics to the enterprise, in an effort 
to bring the two into harmonious and fruit- 
ful adjustment (Schoenfeld 1954:26). In 
principle this is not unlike the task of so 
adjusting species and environment that you 
wind up with a shootable crop. The public- 
relations process involves fact-finding, plan- 
ning, and communicating (Cutlip and Cen- 
ter, 1952:126). This is not unlike the re- 
search-development-engineering sequence 
inherent in wildlife management. 

As a discipline, public relations, like wild- 
life management, is a creature of the 20th 
century. Like wildlife management, public 
relations is rooted in fundamental research 
yet in itself is as much an art as a science. 
Both professions are as yet unstabilized; 
both are cursed with fanatics and quacks; 
and both number among their practitioners 
some of the most able and devoted public 
servants in the country. 

The “laws” of public relations are as un- 
tested and as transient as the “laws” of wild- 
life management, yet some of the basic “PR” 
principles which can be postulated can be 
stated in terms abundantly familiar to every 
wildlife manager. 

Deep Digging. The basic public-relations 
principle is this: effective public relations 
is primarily a matter of policy and only 
secondarily a matter of publicity. What you 
are will always speak louder than what you 
say. This is exactly the same principle under 
which Leopold (1948) called for “deep-dig- 
ging’ research programs in wildlife manage- 
ment. “It is futile,” he said, “to attempt the 
practical in advance of the fundamental.” 
This is as true in public relations as it is in 
conservation. Publicity cannot attract public 
support for wildlife management unless the 
basic policies and practices of the enterprise 
are such that public support can be built up- 
on them. 


Schoenfeld 71 





Multiple Factors. In the management of 
game the wildlife scientist has learned long 
ago there is no royal road to abundance. The 
pheasant crop, for example, is conditioned 
by the interaction of many forces, and the 
wildlife manager who fails to reckon with 
the complexity of his task is in for disap- 
pointment. 

In the influencing of public opinion the 
public-relations man has learned there is 
likewise no magic key to success. The factors 
conditioning public opinion are even more 
numerous and complex than those obtaining 
in wildlife management. Gaus (1947:42) 
has pinpointed these key “ecological” factors, 
affecting the ebb and flow of the relations 
between an enterprise and its constituents, 
as “people, place, physical technology, social 
technology, wishes and ideas, catastrophe, 
and personality.” 

To try to oversimplify these public-rela- 
tions forces is to court disaster. Every con- 
servation department, for example, has a 
dozen windows open to the world, and every 
department policy has a dozen points of 
view—some positively contradictory, some 
quasiconflicting, others mutually support- 
ing, all of them important to somebody, each 
of them meriting decent attention if not full 
allegiance. 

Biologists may be coming more and more 
to suspect that it is the wholly fortuitous 
piling up of favorable factors or the chance 
pyramiding of unfavorable forces which pro- 
duce many record peaks and valleys in game 
populations. Public-relations men see no 
reason to believe that chance does not play 
a role in public relations also. Neither the 
public-relations man nor the wildlife man- 
ager, however, can afford strictly to gamble. 
Theirs is the common task of considering, 
balancing, and adjusting many perspectives. 

Key Factors. Although both wildlife man- 
agement and public relations involve multi- 
ple factors, there are in both pursuits certain 
key factors which are more basic than others. 
Graham (1947:69) says it is a home which 
wildlife needs above all else. The public- 
relations man has a related principle: “Pub- 
lic relations begins at home” ( Reck, 1946:7 ). 
Ripples of discontent and irritation radiating 
from biologists, wardens, technicians, and 
secretaries will ultimately be seen or heard 
by the public at large, to the detriment of a 
conservation department. Wherever old- 
time wardens still look askance at scientific 
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procedures, wildlife management remains 
emasculated, no matter how popular it may 
be in other circles. Until its relations with 
its internal publics are sound, wildlife man- 
agement cannot hope to achieve complete 
rapport with its external publics. 

Indigenousness. Most biologists take a 
dim view of exotics. So do most public-rela- 
tions men. To be effective, a public-relations 
program should be “native, inherent, nat- 
ural”—at home in the environment of the 
enterprise for which it is planned. Occasion- 
ally an alien public-relations program will, 
like the ringneck pheasant, succeed toler- 
ably; more likely, it will do as much damage 
to native flora and fauna as the carp. A pub- 
lic-relations program for Michigan conserva- 
tion, in other words, must be indigenous; it 
cannot borrow at will from Texas. 

Population Mechanics. Ever since Erring- 
ton described the phenomenon of inversity, 
wildlife managers have known that so-called 
“internal” factors play a major role in estab- 
lishing wildlife population levels, despite 
“the human tendencies to over-estimate the 
population effects of conspicuous or demon- 
strably heavy predation” (Errington, 1946: 
236). The related public-relations phenom- 
enon may be stated in this way: public re- 
lations is not the job of a single individual; 
it is a way of life for an entire enterprise 
(Reck, 1946). Every contact between an 
enterprise and its constituency is an episode 
in the complex flow of public relationships. 
Despite the splash which a single performer 
may make, wildlife management’s voice in 
the final analysis is a composite of many 
individual acts. The public relations of wild- 
life management is an “all hands” job. A 
conservation department's public-relations 
program can no more be delegated to a chief 
of information than its total research pro- 
gram can be effected solely by a chief of 
research. 


Air Pressure. In public relations, as in the 
physical universe, nature abhors a vacuum. 
When the reticence of wildlife scientists cre- 
ates a news vacuum, the vacuum never stays 
empty. “Science fiction” rushes in. An Amer- 
ican enterprise simply cannot live in a world 
apart. If it does not seek to fill news columns 
with constructive releases, the law of air 
pressure will fill those columns with less de- 
sirable material. There is no vacuum in pub- 
lic relations. You may have good public re- 
lations or poor public relations, but you will 


always have public relations. Until wildlif 
managers supply the public prints with a 
tinuous, clear, and candid summaries of thei 
activities, they can expect to be harassed by 
hairbrained stories. 

Missing almost entirely from the period, 
cal literature of wildlife management jg th, 
synoptic article summarizing in relative), 
intelligible language, either on a species , 
topical, or a regional basis, the progress in 
research and development. Russell Lord ha 
said that biologists write in “a rather spurioys 
or pretended jargon of objectivity which they 
impose upon themselves as a mark of g¢ 
entific respectability” (Shaw, 1946). Ya 
“quite as necessary as research (in conserya. 
tion) is (public) education” (Vogt, 1948. 
152). 

Equal Stresses. A related public-relations 
law is the law of equal stresses. Like a guy 
that compensates by recoil for the forward 
velocity of its projectile, the public accom. 
modates the publicity efforts of an enterprise 
by focusing on it an inordinate interest 
When a publicity seeker plunks a news re. 
lease on the city desk, he is saying to the 
editor, in effect, “My enterprise is news!” 
He must not be surprised when that editor 
proposes to make news out of an institutional 
foible that the enterprise would prefer to 
keep buried. There is as yet no recoilless 
rifle in public relations. All the public-re. 
lations man can do is keep his powder dry. 

Carrying Capacity. The ecological law of 
carrying capacity operates in public rela- 
tions. Flood a newspaper with too many te- 
leases, and the editor loses his receptivity. 
Paint too strong a picture of an enterprise, 
and the public loses its capacity to cherish 
that undertaking. The overzealous wildlife 
manager who promises the moon on the 
basis of one research finding is doing as 
much damage public-relationswise as is the 
warden wildlife-managementwise who feeds 
deer in an already depleted winter yard. 

Carrying capacity has a specific applica- 
tion in the public relations of wildlife-man- 
agement training. The carrying capacity of 
a university campus effectively limits the 
kind of instruction that campus will support. 
By enrolling more wildlife students you can 
raise the quantity of students but not their 
total quality. Crowded conditions on a 
campus will produce the same complaints 
from disappointed parents and employers 
that a crowded pond will elicit from disap- 
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inted anglers. 
a e. What Walter Lippman 


1922) called the pictures in people’s heads 
gre among the most fixed states of matter. 
Once an enterprise gains a favorable reputa- 
tion, the momentum of its bandwagon is tre- 
mendous. Counterwise, the toughest pub- 
lic-relations job is the job of erasing a wide- 
spread_ misconception. So effectively did 
the conservationists of yesteryear sell the ef- 
ficacy of the buck law that modern wildlife 
managers have had to start from below 
scratch in selling the idea of the any-deer 
season. 

Gravity. As in nature, the public-relations 
law of momentum is opposed by the law of 
gravity. What goes up can come down. 
Initial momentum is not enough to keep a 
favorable picture fixed in the public mind 
indefinitely. There must be constantly re- 
newed those accelerating policies and func- 
tions which built effective public relations in 
the first place. Neglect them and the bal- 
loon falls. The conservation department 
which built a reputation on stocking pheas- 
ants 30 years ago cannot expect to ride along 
forever on the strength of this popularity. 
There will be new projects to tackle and new 
publics to cultivate. 

The “law” of gravity operates also in pub- 
lic relations to prevent public sentiment 
from rising higher than the source of its in- 
spiration. Confine your public addresses to 
the minutia of statistics, and you fail to stim- 
ulate that broad interest which wildlife 
management needs. Emphasize stocking 
projects in your news releases at the expense 
of developments in research, and you ap- 
peal to meat hunters but not to discriminat- 
ing sportsmen. Build a program exclusively 
for the benefit of trout fishermen, and bea- 
ver trappers ignore your pleas for support. 
Try to muddle through without vigorous 
leadership, “with letterhead pieties and con- 
vention oratory,” and you take two steps 
backward for every step forward. The qual- 
ity of its men makes the quality of wildlife 
management and its public-relations pro- 
gram. You may have your offices and lab- 
oratories, you may create committees, and 
you may find and spend money; yet you will 
add nothing substantial to America’s out- 
door resources unless you are equipped with 
at least a few professors, administrators, and 
public-relations men who are leaders. When 
leaders come together in conservation today, 


the whole country feels the higher pressure 
which they generate. 

Nitrogen Cycle. In the public relations of 
wildlife management there is a nitrogen 
cycle that requires the same kind of at- 
tention as the nitrogen cycle in agriculture. 
Research is the leguminous plant, and scien- 
tists are the root-nodule bacteria which draw 
conceptual schemes and “fix” new facts. 
Practical conservation thrives on this new 
knowledge. Without it, conservation be- 
comes necrotic and withers. The conserva- 
tion department which tries to operate with- 
out constant refertilization by basic research 
is like the farmer who never rotates his 
crops. There can be, however, such a thing 
as too much nitrogen. In concentrated form 
it “burns” plants. And there is such a thing 
as a consuming emphasis on research which 
draws too much time and talent away from 
the practical application of wildlife knowl- 
edge and from the communication of wild- 
life facts to the public. The public-relations 
law here is the law of balance—achieving re- 
ciprocal action in fact-finding, planning, and 
communicating. 

Ecology. An enterprise is always a re- 
flection of the food and cover of its environ- 
ment. To say that a state has a better—or a 
worse—conservation department than it de- 
serves is to defy both a law of ecology and a 
law of public relations. On the other hand, 
to say that a conservation department can- 
not improve on its “natural habitat” is un- 
true. Just as a wildlife manager can manipu- 
late flora and fauna by altering land-use 
practices in order to produce bigger and bet- 
ter game crops, so can a conservation depart- 
ment, over the years, alter its environment 
through effective public relations in order to 
develop surroundings more hospitable to 
wildlife-management progress. Like the 
wildlife manager, however, a public-rela- 
tions man can go only so far so fast, lest 
drastic changes of the landscape result in un- 
foreseen flash floods and vegetative excesses 
which place the public-relations biota virtu- 
ally beyond control. 

Heliotropism. A plant’s leaves reach to- 
ward the light. So with a university wild- 
life-management department. If the “sun” 
of the department is a record enrollment, the 
department will be twisted and stunted in a 
hunt for students and a scramble to keep 
them eligible. If the “sun” is research 
money, undergraduate teaching and adult 
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education may grow yellow and frail in the 
shadows. If the “sun” is a passion to please 
every hunter or fisherman who comes along 
demanding something absurd, then the de- 
partment wilts under the heat of artificial 
public relations. But if the “sun” of the de- 
partment is that balance between responsi- 
bility for great academic traditions and re- 
sponsiveness to public needs, then the de- 
partment’s public relations are on sound 
footing. 

Overturn. The limnological phenomenon 
of seasonal overturn has its public-relations 
applications. The outdoor public exhibits 
“mixing” characteristics similar to those of 
an inland lake. In the fall, stimulated by the 
hunting season, sportsmen’s activities pro- 
duce turmoil and public-relations head- 
aches. As winter sets in, public relations be- 
comes marked by a lack of turbulence; but 
the fishing season brings springtime “mix- 
ing.” The public relations of wildlife man- 
agement will always reflect this semiannual 
swing from stratification to instability. 

Cycles. If the Wisconsin situation is diag- 
nostic, the public relations of wildlife man- 
agement also exhibits cyclical tendencies, 
with irruptions occurring in each decade. In 
the ‘20s, the 30s, the ’40s, and the ’50s the 
state of Wisconsin has changed conservation 
directors. (In Wisconsin, the state conserva- 
tion director is exceeded only by the univer- 
sity football coach as the hero—and whip- 
ping boy—of the public. ) 

Symbiosis. A final public-relations law to 
be considered here is the law of symbiosis. 
Just as in nature certain species live inti- 
mately associated lives because such a rela- 
tionship is necessary or advantageous to 
both, so a commonwealth and its wildlife- 
management enterprises constitute a natural 
partnership. Public problems and public 
funds have built wildlife management. In 
turn, wildlife management has enriched the 
public’s recreational resources. It is the con- 
tinuing objective of public relations for wild- 
life management to cement this mutually ad- 
vantageous partnershir. 

Public support for wildlife management 
can be brought about by a combination of 
bringing the ideas and aspirations of the 
wildlife manager down to the level of the 
public’s grasp, and bringing the sentiments 
of the public up to the plane of wildlife 
management's possibilities. This meeting of 
minds will come about when the wildlife 


manager adds public relations to his map, 
agement techniques. It is only a question 
of time before a course in public administra, 
tion becomes quite as much a part of the re. 
quired regimen for the wildlife student 
Zoology la. That the wildlife manager wi, 
a public-relations flair is within the realm 
of possibility there is present evidence, |; 
the profession of wildlife management, ang 
on its fringes, are a growing number of gj. 
entists and administrators with a bent to. 
ward communicating with their constity. 
ents. 

“These intergrades in human taxonomy” 
wrote Leopold (1940:346), “are perhaps 
more important than those which so perplex 
the mammalogists and ornithologists. Thei; 
skulls are not yet available to the museums 
but even a layman can see that their brains 
are distinctive.” 
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EFFECT OF DEER BROWSING ON REPRODUCTION IN THE 
NORTHERN HARDWOOD-HEMLOCK TYPE IN NORTHEASTERN 
WISCONSIN' 


J. H. Stoeckeler, R. O. Strothmann, and L. W. Krefting 


Lake States Forest Experiment Station*; and (Krefting) U.S. Fish and Wildlife Service®; St. Paul, Minn. 


The effect of browsing by white-tailed 
deer (Odocoileus virginianus ) on the growth 
of tree reproduction in northern hardwood- 
hemlock stands has been of much concern to 
foresters and biologists in the Lake States for 
many years. Preferred and second-choice 
species are sugar maple (Acer saccharum x 
red maple (Acer rubrum), yellow birch 
(Betula lutea ), basswood ( Tilia americana), 
white ash (Fraxinus americana), and hem- 
lock (Tsuga canadensis). The browse fur- 
nished by both natural reproduction and 
slash left after logging is eagerly sought after 
by deer. 

Observations show that hardwood repro- 
duction, particularly sugar maple, can with- 
stand heavy browsing for many years with- 
out mortality. It does, however, become 
stunted and malformed as a result of brows- 
ing (Fig. 1). The rather slow growth of the 
reproduction in selectively cut stands of 
northern hardwoods, accentuated by the ef- 
fect of deer browsing which prevents the 
reproduction from getting out of reach, rep- 
resents a serious problem in hardwood man- 
agement. The result is usually a stand 
where there is little or no gradation in 
height between small reproduction and 
trees of sapling size. As the stand becomes 
older, a serious gap in diameter-class distri- 
bution is also produced. 

To assess the seriousness of the problem, 
four exclosures were established on the Nic- 
olet National Forest in northeastern Wis- 
consin. The main objectives were to deter- 


1Acknowledgment is due Harold C. Bell of the 
Lake States Forest Experiment Station for his as- 
sistance in building three of the exclosures and in 
making periodic reproduction counts. Also the au- 
thors are indebted to R. C. Iverson and L. B. Bur- 
kett of the Nicolet National Forest for establishing 
the first exclosure. 

*Maintained by the Forest Service, U.S. Depart- 
ment of Agriculture, in cooperation with the Uni- 
versity of Minnesota 

3In cooperation with the Lake States Forest Ex- 
periment Station 


mine the effect of deer browsing on (1) 
height growth, (2) form of the trees, and 
(3) mortality. 


Review oF LITERATURE 
In the Argonne Experimental Forest in 


northeastern Wisconsin, Arbogast and Hein- 
selman (1950) studied deer browsing on 
648 1/5-acre plots in the northern hard- 
wood-hemlock and swamp types. 


They 


found heavy or very heavy browsing on 97 
per cent of the hardwood plots, and on 93 
per cent of the plots in the swamp type. 
DeBoer (1947) and Swift (1948) re- 
ported severe damage to both hardwoods 
and conifers in a survey of deer damage to 
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Fic. 1. Sugar maple seedling stunted and mal- 


formed because of continuous heavy deer browsing. 
Seedling is 20 years old and only 4 feet tall. (The 


Biltmore stick is 38.75 inches long. ) 
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forest reproduction in Wisconsin. In his 
summary of damage to timber species Swift 
states, “Of all the important timber species 
in Wisconsin probably the most heavily 
used as deer food are the maples. If it were 
not for the fact that the maples reproduced 
themselves in great abundance, it is ques- 
tionable if they could have survived under 
the present deer population. Continued re- 
generation of maple is of great importance 
in the management of our northern forest, 
being one of the most desirable of our hard- 
wood timbers. If we are to have continuing 
forests of hard maple in our state, we must 
reduce our present deer herd!...In the 
Northeast area only 1 out of 4 maple seed- 
lings has escaped deer damage.” 

The more recent work of Graham (1954) 
in the western part of the Upper Peninsula 
of Michigan shows that browsing by deer 
has produced changes in the composition of 
the forest which are undesirable both for 
the maintenance of a satisfactory deer pop- 
ulation and for the best management of tim- 
ber. Browsing has tended to alter the hab- 
itat by curtailing yellow birch, white cedar 
(Thuja occidentalis), and hemlock and fa- 
voring balsam fir (Abies balsamea) and hard 
maple. In exclosure tests only four years of 
protection were needed for the reproduc- 
tion of black cherry (Prunus serotina), yel- 
low birch, and hard maple to reach higher 
than an 8-foot fence. On the unfenced con- 
trol plots little change in height resulted. 

Switzenberg, et al. (1955) studied the ef- 
fect of deer browsing on the quality of hard- 
wood timber in northern Michigan and 
found that“... this study, while not clear in 
every instance, seems to show that a satis- 
factory stocking of hard (sugar) maple can 
be expected even under the severest of 
browsing. Since there were more than 2,000 
stems per acre in the study area, over 600 
of which were free of serious rot, it is evi- 
dent that escape occurred and that over- 
browsing did not result in an appreciable 
loss in the number of potentially merchant- 
able stems.” 


FIELD PROCEDURE 


Most of the study area selected, in the 
Nicolet National Forest, was once a part of 
the former Argonne State Game Refuge. 
Consequently, no hunting had been per- 
mitted from 1918 to 1949. Population data 
obtained in 1935 from deer drives on sample 


areas showed 54 deer per square mile. N 
recent counts have been made, but “a 
mates by game managers familiar with the 
area place the present population at about 
35 to 40 deer per square mile. This marked 
reduction in population took place after the 
refuge was abandoned in 1949. 

Exclosures, each with its control plot of 
the same size, were established in 1946 
1948, and 1949. They ranged in size fro, 
1/80 to 1/20 of an acre. The first one byij 
was made both deer- and hare-proof anj 
later made deer-proof only. The rest wer 
subdivided, and one-fourth of each one wa; 
made both deer- and hare-proof. Although 
reproduction tallies made in the hare-proof 
parts of the exclosures are included in syb. 
sequent tables, hare damage was found ty 
be relatively unimportant. 

Counts of reproduction that had reached 
breast height (4.5 feet) were made period. 
ically. At the time of installation, none of 
the exclosures or control plots had repro. 
duction of breast height. Usually there 
were 10,000 to 20,000 natural seedlings per 
acre, and these were repeatedly browsed by 
deer to a height of 1 to 1 1/2 feet each win. 
ter. 


RESULTS IN A MEDIUM-STOCKED 
SAWLOG STAND 


In the fall of 1946, an exclosure of 0.0305 
acre made of poultry netting was estab- 
lished on a fairly good site in a mediun- 
stocked stand of sugar maple. The repro- 
duction was predominantly sugar maple, 
and all the seedlings were less than 4.5 feet 
in height because of severe deer browsing. 
In 1951 the exclosure was made deer-proof 
only because the poultry netting was re- 
placed with field fencing. 

After five years of protection, 44 times as 
many sugar maple seedlings within the ex- 
closure had reached breast height as com- 
pared to the unprotected plot. On an acre 
basis the exclosure had a density of 7,216 
sugar maple seedlings and the control only 
164 (Table 1). After eight years of protec- 
tion the per-acre seedling density was 
11,234, but the number on the control plot 
remained the same (164 trees per acre ). The 
ratio was 68 to 1. The average height of all 
trees in the exclosure was 5.0 feet with some 
trees as tall as 7 feet. On the control plot the 
seedlings averaged 2.7 feet in height, and 
only a few reached 4.8 feet. 
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TABLE 1. — REPRODUCTION IN A MEDIUM-STOCKED SAWLOG STAND 








Trees 4.5 Feet or Taller per Acre 


Average Height (feet) of 





All Trees—1954 











ee Exclosurel Control 

Species 
1951 1952 1954 1951 1952 1954 Exclosure! Control 
7,216 10,578 11,234 164 328 164 5.0 a7 


Sugar maple? 





1 Exclosure established in November 1946; deer- and hare-proof 1946-51; deer-proof only after 1951. 


2No other species were present. 


RESULTS IN A SECOND-GROWTH STAND 

In November 1948, an exclosure of 0.05 
acre was built in a second-growth stand on a 
good site in the northern hardwood-hemlock 
type. At the time of installation all of the re- 
yoduction had a uniform height of about 
L5 feet. Three years later the exclosure had 
951 seedlings per acre (91 sugar maple and 
160 ironwood, Ostrya virginiana) that had 
reached breast height, and all were in the 
deer-proof section (Table 2). By the sixth 
year (1954) the per-acre density of seed- 
lings was 2,857 in the deer-proof part and 
1,440 in the deer- and hare-proof section. 
Fewer seedlings were produced in the lat- 
ter section because there was a smaller num- 
ber of them on the ground at the start. 

The average heights for all sugar maple 
seedlings were 2.2 feet on the control and 4.3 
feet in the deer-proof section, with the tall- 
est reproduction reaching 4.2 feet and 7.0 
feet, respectively. Ironwood was the only 
species achieving an average height (5.0 
feet) greater than that of sugar maple in the 
deer-proof section. The steady increase in 
reproduction reaching breast height inside 


the exclosure shows that at least six years 
are needed to benefit from protection. 


RESULTS IN A THINLY STOCKED STAND 


In September 1949, an exclosure of 0.025 
acre was installed in a thinly stocked stand 
of second-growth hardwood and hemlock. 
Again the reproduction was predominantly 
sugar maple and, although somewhat taller 
than in other study areas, none was breast 
height. Apparently the seedlings were gen- 
erally taller both in the exclosure and on the 
control plot because the stand was more 
open than the others, and this permitted 
more light to reach the reproduction. Also 
deer browsing was less severe in the study 
area. Probably the location of the exclosure 
near a fairly well-traveled truck trail may 
have influenced the amount of browsing. 

After five years of protection, approxi- 
mately four times as many seedlings within 
the exclosure had reached breast height as 
compared to those in the unprotected plot 
(Table 3). All sugar maple reproduction 
averaged 4.4 feet in height in the deer-proof 
section, 5.0 feet in the deer- and hare-proof 


TABLE 2.— REPRODUCTION IN A SECOND-GROWTH HARDWOOD-HEMLOCK STAND! 








Trees 4.5 Feet or Taller per Acre? 


Average Height (feet) of All 
Trees—1954 

















Species Deer-proof Deer- and Hare-proof 
Deer- Deer- and 
1951 1952 1954 1951 1952 1954 proof Hare-proof Control 

Sugar maple 91 1,189 2,651 0 480 1,280 4.3 a7 22 
Yellow birch 0 0 0 0 0 0 0.4 — 0.2 
White ash* 0 0 0 0 0 0 1.0 1.8 0.9 
Red oak# 0 0 0 0 0 0 1d — — 
Basswood 0 0 23 0 0 0 2.4 _ 1.5 
Ironwood 160 160 183 0 0 160 5.0 1.8 LZ 
Hemlock 0 0 0 0 0 0 — — LZ 
Total 251 1,349 2,857 0 480 1,440 





1 Exclosure established on the Argonne Experimental Forest in November 1948. 
* Number of trees per acre is not given for the control because none of the seedlings reached 4.5 feet in height. 


3 Fraxinus americana 
! Quercus rubra 
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TABLE 3. — REPRODUCTION IN A THINLY STOCKED STAND! 








Trees 4.5 Feet or Taller per Acre 


Species 


Deer- and Hare-proof 


Average Height (f, 
All Trees agit) ® 


Control = ls 














Deer-proof —— Bet see 
Deer- Deer- and 
1951 1952 1954 1951 1952 1954 1951 1952 1954 proof Hare-proof Contre] 
Sugar maple 2,827 4,427 6,187 1,440 3,200 6,880 160 440 1,760 4.4 5.0 40 
Hemlock 0 0 0 0 0 0 0 0 0 1.0 1.1 05 
Yellow birch 480 1,333 2,560 1,120 1,920 3,840 160 360 600 6.4 4.8 48 
American elm2 53 53 320 0 0 0 0 0 40 6.1 ena 3.8 
Black cherry 0 0 0 0 0 0 0 0 0 2.6 1.3 ll 
Aspen3 0 53 53 0 160 160 0 0 0 5.8 49 at 
White ash 0 0 53 0 0 0 0 40 40 2.5 2.8 35 
Balsam fir 0 0 53 0 0 0 0 0 0 1.6 1.0 7 
Ironwood 0 0 0 160 160 0 120 200 0 —— 1.6 
Red maple 0 0 0 160 160 0 0 0 40 —— = 40 
Total 3,360 5,866 9,226 2,880 5,60010,880 440 1,040 2,480 a 
1 Exclosure established on the Argonne Experimental Forest in September 1949 ee 


2 Ulmus americana 
3 Populus sp. 


section, and 4.0 feet on the control. Within 
the exclosure a number of seedlings were 
over 7 feet in height, the tallest being 8.1 
feet. In contrast the control had only one 
seedling (8.3 feet tall) that was over 7 feet. 


RESULTS IN AN OLD-GROWTH 
HEMLOCK—HARDWOOD STAND 


In September 1949, an exclosure of 0.025 
acre was established in a fairly dense stand 
of large-diameter old-growth hardwood and 
hemlock. Compared to the other study 
areas, the reproduction was rather sparse, 
apparently because the dense overstory per- 
mitted only a small amount of light to reach 
the forest floor. 


At the end of the fifth year the per-acre 
seedling density (breast height) within the 
deer-proof exclosure was 693 (Table 4). On 
the one that was both deer- and hare-proof 
it was 2,880. On the control none of the 
seedlings had reached breast height. Al. 
though sugar maple was the most abundant 
species in the other areas studied, in this ex. 
closure both red maple and yellow birch ox. 
curred more frequently; the ratio of yellow 
birch to sugar maple was about 3 to 1. None 
of the hemlock seedlings reached breast 
height, but limited checks between the sec. 
ond and third year of protection showed 
that the density increased by the ratio of § 
to 1 in favor of the protected area. 


TABLE 4, — REPRODUCTION IN A FAIRLY DENSE STAND OF LARGE-DIAMETER OLD GrRowTH! 








Trees 4.5 Feet or Taller per Acre? 


Average Height (feet) of 
All T 








rees—1954 
Species Deer-proof Deer- and Hare-proof - — ——_—— 
- Deer- Deer- and 

1951 1952 1954 1951 1952 1954 proot Hare-proof Control 
Sugar maple 0 213 160 0 0 480 3.7 3.3 0.7 
Red maple 0 0 320 320 480 800 4.5 4.4 1.0 
Yellow birch 0 53 213 640 960 1,600 3.3 5.6 0.4 
Ironwood 0 0 0 0 0 0 2.0 = = 
Hemlock 0 0 0 0 0 0 0.7 a 0.5 
Black cherry 0 0 0 0 160 0 = 
White pine* 0 0 0 0 0 0 —- 0.9 0.3 
White ash 0 0 0 0 0 0 , 0.8 
Total 0 266 693 960 1,600 2,880 








1 Exclosure established on the Argonne Experimental Forest in September 1949 
2 Number of seedlings per acre is not given for the control 
* Pinus strobus 


because none of the seedlings reached 4.5 feet in height. 
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A striking contrast is evident when the 
average heights of the protected and unpro- 
rected seedlings are compared after five 
years. All of the species on the unprotected 
»lot averaged 1 foot or less in height, and 
the tallest seedling was only 1.8 feet. In the 
exclosure the more important species had 
the following average heights in the deer- 
proof and deer- and hare-proof sections, re- 
spectively: Sugar maple, 3.7 and 3.3; red 
maple, 4.5 and 4.4; and yellow birch, 3.3 and 
56. The tallest seedling in the exclosure was 


6.6 feet. 
DisCUSSION AND CONCLUSION 


The results of excluding deer on the four 
areas discussed in this study are graphically 
shown in Figure 2. Although the density of 
reproduction within the areas varies consid- 
erably, the contrast in growth between the 
exclosures and control plots is evident. 

The exclosure established in 1946 in the 
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reached breast height (4.5 feet) in exclosures and 
on unprotected plots 


medium-stocked hardwood-hemlock saw- 
log stand is the only one that is old enough 
to show a leveling-off trend in the amount 
of reproduction reaching breast height. Ap- 
parently the leveling-off point is reached 
after about six years of protection or when 
the number of seedlings per acre has 
reached about 11,000. 


All of the exclosure studies point to the 
need for keeping the deer population under 
control for an extended period, particularly 
during the critical years when the tree re- 
production is within browsing range. Oth- 
erwise, the reproduction following logging 
will be repeatedly browsed back, and later 
on will result in gaps in the progression of 
size classes in the stand. 


SUMMARY 


Four deer-proof exclosures were estab- 
lished between 1946 and 1949 in northern 
hardwood-hemlock stands of the Nicolet 
National Forest in northeastern Wisconsin; 
3-4 counts were made over a period of five 
to eight years to assess the value of complete 
protection from browsing for this period and 
to study the rate of recovery. The exclosures 
were in an area of moderately high deer 
population. None had seedlings over 4.5 
feet in height at date of establishment. 

Eighth-year counts on the exclosure es- 
tablished in 1946 in a medium-stocked saw- 
log stand showed an average of 11,234 trees 
per acre that had reached a height of 4.5 feet 
or more in the exclosure, and only 164 trees 
per acre on the unfenced area. The average 
height of the reproduction in the exclosure 
was nearly double that of the control plot. 


The other three areas had had only five 
to six years of protection by 1954. The re- 
production counts per acre in a second- 
growth stand on a good site were 2,857 trees 
4.5 feet or taller in the exclosure, but none 
on the control plot; in a thinly stocked sec- 
ond-growth stand (near a fairly well-trav- 
eled truck trail ) there were 9,226 trees in the 
exclosure and 2,480 on the control; and in a 
fairly dense stand of large-diameter old 
growth there were 693 in the exclosure and 
none on the control. The average height for 
all sugar maple reproduction in the exclos- 
ures was about double that on the control 
plots except in the thinly stocked stand 
where the reproduction in the exclosure was 
only 10 per cent taller than on the control. 
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The general conclusion is that a_pro- 
longed (six to eight years) period of rather 
low deer population is needed in second- 
growth hardwood-hemlock stands, to per- 
mit successful regeneration and adequate 
growth of the understory seedlings in north- 
ern hardwood-hemlock stands. Even though 
sugar maple reproduction is known for 
its ability to withstand rather heavy deer 
browsing for many years without undue 
mortality, seedlings that are repeatedly 
browsed back become stunted and mal- 
formed, and recover rather slowly even after 
complete protection is established. 

Although portions of three exclosures 
were rabbit-proof as well as deer-proof, the 
additional benefit of the rabbit-proofing 
was not particularly marked. 
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ECOLOGICAL EFFECTS OF BEAVER HABITAT ABANDONMENT 
IN THE COLORADO ROCKIES’ 


Don J. Neff? 


Colorado Cooperative Wildlife Research Unit, Fort Collins, Colorado 


Because of its unique dam-building and 
tree-felling habits, the beaver (Castor cana- 
densis) strongly influences the ecology of 
any small stream valley in which it occurs. 
This is especially true on small high-moun- 
tain streams where the water impounded by 
beaver dams is effectively utilized by many 
important species of fish and game. 

In a recent article Rutherford (1955) dis- 
cussed the relationships of beavers to other 
wildlife and to the physical environment in 
a Colorado mountain stream. A number of 
authors over the country have reported on 
the effects of beaver activity on wildlife and 
other forest values (Grasse and Putnam, 

1Adapted from a M.S. thesis, Department of For- 
est Recreation and Wildlife Management, School of 
Forestry, Colorado A and M College. The investi- 
gation was sponsored, financed, and supervised by 
the Colorado Cooperative Wildlife Research Unit 
and the Colorado Game and Fish Department 
through P. R. project W-83-R. Published by per- 
mission of the Dean, Graduate School, Colorado A 
and M College, and the Colorado Game and Fish 
Department. 

2Present address: 632 North 28th Street, Cor- 
vallis, Oregon. 


1950; Hodgdon and Hunt, 1953; Swank, 
1949; Bradt, 1947). Little consideration, 
however, has been given to the fact that 
populations of beavers, like other wildlife 
populations, are subject to forces that cause 
them to fluctuate in numbers and shift their 
territories from time to time. 

This investigation has been concerned 
with an evaluation of the effects of aban- 
donment by beavers on the vegetation of the 
colony site and the wildlife frequenting the 
area. In most situations, areas of beaver- 
abandoned valley bottom are not extensive 
and appear as unoccupied stretches be- 
tween active colonies. In other instances the 
entire length of a small mountain stream has 
been completely abandoned. In either case 
a considerable part of the flood plain of the 
valley becomes subject to conditions in- 
duced by abandonment. Since these condi- 
tions affect both flora and fauna, they must 
be considered in realistic management of 
the areas involved. 


AREA AND METHODs OF STUDY 


In order to obtain quantitative informa- 
tion concerning the effects of beaver habitat 
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abandonment, an intensive study was made 
during the summers of 1954 and 1955 of the 
abandoned beaver colonies on the two head- 
waters forks of Chavez Creek. This area 
was previously observed and reported on by 
Yeager and Hill (1954). Nutras Creek, a 
nearby stream occupied by a considerable 
opulation of beavers, was selected for pur- 
poses of comparison. Both creeks are head- 
waters tributaries of Cochetopa Creek in 
western Saguache County, Colorado. 

The areas studied lie at an altitude of 
10,800 to 11,200 feet, on the northeast flank 
of Stewart Peak. Forest cover is almost 
entirely Engelmann spruce (Picea engel- 
manni), except where fires have resulted in 
the establishment of stands of aspen (Pop- 
ulus tremuloides ). 

The valleys of all three study streams are 
glaciated, and the topography consists of 
numerous moraines interspersed with broad 
flat meadows. It is in these glacial meadows 
that the beaver colonies have reached their 
greatest development. The valley of West 
Chavez is broken by recessional moraines 
that aid in maintaining a high soil-moisture 
content in the meadows. The East Chavez 
valley bottom is narrower and_ better 
drained, resulting in a much drier situation 
in the abandoned pond sites. The terminal 
moraines on each of the Chavez forks mark 
the lower limits of the areas of beaver 
abandonment. The Nutras Creek study 
area includes both broad glacial meadows 
and the narrow unglaciated valley below 
the terminal moraine. 

The Chavez forks lost their beavers in 
1939 when poachers cleaned out the area. 
The beaver did not reinvade these streams, 
apparently because of the meager supplies 
of willow (Salix spp.) and an almost total 
lack of aspen for food. The present high 
population of beavers on Nutras Creek de- 
veloped about 1947. 

Wildlife activity in the occupied and 
abandoned beaver colonies was measured 
by means of a series of 500 15-minute time- 
interval observations, at dawn and dusk, 
from 12 established observation points. De- 
termination of relative fish production was 
attained by observations of fishing success 
on the three streams. Measurements of 
vegetative growth and recovery were made 
at five pond sites on each stream. Forage 
and browse composition and production 
were measured along three transects at each 


pond site: one below the dam, one across 
the pond, and one across the inlet. 

Various aspects of the physical environ- 
ment were observed and measured, and the 
data systematically recorded. 


BEAVER ABANDONMENT AND THE 
PuysicAL ENVIRONMENT 


The role of physical environment in the 
ecology of beaver-inhabited valley bottoms 
in Colorado has been discussed by Yeager 
and Hill (1954) and Rutherford (1955). 
Studies conducted by Retzer (1956) have 
clearly shown the importance of the physi- 
cal suitability of the site for occupation by 
beavers. The present study indicates that 
physical stability of the site is also of basic 
importance to the ecology of the abandoned 
beaver colony. 

The Chavez Creek beaver-abandonment 
study areas were located on valley bottoms 
that rated good to excellent in physical suit- 
ability for beaver habitation according to 
the three criteria established by Retzer (op. 
cit.). These criteria are low gradient, wide 
flood plain, and stable rock type. Because 
of the favorable physical conditions on the 
abandoned streams, channel erosion was 
limited to the recently deposited pond fills 
and in no case was a channel cut into the 
rocky substrate. Water tables remained 
high, and vegetative re-establishment on 
most of the abandoned and newly drained 
pond bottom has been fairly rapid. 

Considering the highly stable nature of 
the Chavez Creek colonies, it may be as- 
sumed that the physical changes that oc- 
curred there subsequent to abandonment 
are minimal and that those changes would 
be correspondingly exaggerated in less sta- 
ble situations. 

Table 1 shows the loss of water-storage 
capacity that has occurred on the beaver- 
abandoned Chavez forks even under opti- 
mum conditions of stability. 


EFFECTS OF ABANDONMENT ON 
VEGETATIVE GROWTH 


Measurements of herbaceous forage plant 
production were restricted to grasses and 
sedges. Production indices (Table 2) cal- 
culated from samples collected show that 
the wet meadows of West Chavez produced 
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TABLE 1.— WATER STORAGE CHARACTERISTICS, 
Nutras-CHAVEZ BEAVER-ABANDONMENT STUDY 
AREA, SAGUACHE County, CoLorapo, 1954-55 











Nutras West East 
Characteristic Creek Chavez Chavez 
Stream flow at study area 9.64 0.77 0.96 
(second-feet ) 
Per cent of valley bottom area 44.64 35.70 19.01 
flooded1 
Maximum potential water stor- 23.78 16.63 9.63 
age capacity! (acre-feet) 
Actual water storage, Sept. 18.12 0.22 nil. 


1955 (acre-feet) 





1 If all recognizable ponds were full to capacity. 


twice as much herbaceous forage as the 
drier sites on East Chavez, and nearly four 
times as much as the occupied pond sites on 
Nutras Creek. The poor showing of the oc- 
cupied ponds is due primarily to the large 
percentage of the flood plain that was inun- 
dated by the ponds (Table 1). The differ- 
ence in production on the wet meadows of 
West Chavez and the well-drained mead- 
dows of East Chavez was probably accent- 
uated by the relatively low amount of pre- 
cipitation during the period of study. 


TABLE 2.— CALCULATION OF FORAGE PRODUCTION 











INDICES 
Mean 
Percent Height Mean Mean 
Composi- Growth Stem Production Production 
Transect tion (inches) Density Index Index 





Nutras Creek 


1 38.4 8.2 140.2 1,838.8 
2 9.2 6.2 267.3 572.4 1,587.1 
3 39.0 5.5 162.0 2,350.0 

West Chavez 
1 71.5 10.7 200.3 6,106.3 
2 51.7 9.0 89.9 4,819.3 6,254.7 
3 78.8 9.0 284.5 7,838.5 

East Chavez 
1 46.1 4.3 184.7 3.675.2 
2 56.7 4.6 364.8 3,867.0 2,976.3 
3 43.3 3.2 183.4 1,386.9 





Current annual-growth stems of willows 
in the vicinity of Nutras Creek ponds aver- 
aged nearly an inch longer than stems on 
West Chavez and 1.5 inches longer than on 
East Chavez. In addition, the occurrence of 
willow was much more widespread on the 
occupied stream, and individual plants av- 
eraged much taller. Willow stands on the 
two Chavez forks suffered greatly from 


beaver cutting and flooding and have », 

recovered from this abuse since the — 
donment of the area. The result was a much 
higher browse-production index on the 0 
cupied stream than on either of the aban. 
doned streams (Table 3). : 


TABLE 3. — CALCULATION OF BROWSE Propuctioy 
INDICES 











Mean 
EEE secon Hon? Mean Produo- Pade 
Transect tion CAG! CAG1 Density Index Inder 
Nutras Creek 
1 444 2.7 406.1 222.0 214.6 
2 9.4 1.5 169.1 134.0 25.5 1305 
3 36.1 2.5 309.3 208.1 151.4 
West Chavez 
1 11.7 1.8 364.8 201.7 58.3 
2 5.8 3.1 207.9 194.0 40.7 60.4 
3 10.0 1.7 514.7 304.1 70.3 
East Chavez 
1 20.7 0.9 133.9 151.1 62.2 
2 2.2 0.9 108.9 78.8 6.2 42.0 
3 17.9 1.0 122.5 120.1 57.5 
Nutras Creek 5.79 3.35 0.06 
West Chavez 5.63 0.26 0.33 
East Chavez 4.21 0.12 0.10 





1 Current annual growth in inches. 


The information obtained indicates that 
abandoned beaver ponds, where physically 
stable, are quickly invaded by grasses and 
sedges and within a few years are valuable 
as grazing lands for both livestock and wild- 
life. A limited population of beavers may 
be concluded to be favorable to the produc- 
tion of willow browse. In situations where 
ponds are broad and shallow, however, the 
death of willows by flooding may over- 
shadow the increased growth on the pond 
margin. 


EFFECTS OF ABANDONMENT ON 
WILDLIFE ACTIVITY 


The results of observations of wildlife 
activity are summarized in Table 4. Semi- 
aquatic species, including beavers, musk- 
rats (Ondatra zibethica), and waterfowl, 
were significantly more common on the oc- 
cupied stream, an indication of the loss of 
aquatic habitat subsequent to abandon- 
ment. 

During the two-year period of study, 
beavers were frequently observed on the oc- 
cupied stream while only one or two strays 
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TaBLE 4. — SUMMARY: NUMBERS OF ANIMALS 
: OBSERVED PER PERIOD 











Semi-aquatic Big-game 
Study Area All Species Species Species 
a ee = 
Nutras Creek 5.79 3.35 0.06 
West Chavez 5.63 0.26 0.33 
East Chavez 4.21 0.12 0.10 





were seen on the abandoned colony sites. 
The population distribution of other semi- 
aquatic species, such as muskrats and breed- 
ing ducks, was almost identical to that of 
the beavers. No breeding ducks were ob- 
served on the abandoned ponds, while two 
broods each summer, totaling 17 young 
birds, were raised on the active Nutras 
Creek beaver ponds. Mallards ( Anas platy- 
rhynchos) were the only species of ducks 
breeding within the study areas. Ruther- 
ford (1955), Hoover (1955), and Frary 
(1954) have stated that breeding ducks on 
the high-mountain streams of Colorado are 
restricted to beaver ponds. To this finding 
now may be added the statement that 
breeding ducks will not normally be found 
on ponds that have been abandoned by the 
beavers. 

Muskrats were common in the Nutras 
Creek colonies and;were often seen swim- 
ming in and out of 'the beaver lodges and 
feeding on emergent sedges. Only a few 
wandering muskrats were observed in the 
beaver-abandoned streams, and it would 
have been impossible for them to winter 
there. 

Nowhere is the contrast between beaver- 
occupation and beaver-abandonment more 
pronounced than with regard to trout pop- 
ulations and the sport derived from them. 
During two summers no fewer than 200 
people visited Nutras Creek for the purpose 
of fishing the beaver ponds, and stayed an 
average of two days each. Fishing success 
was estimated to be five fish per person per 
day. On this basis roughly 2,000 trout were 
taken from the Nutras Creek beaver ponds 
during the summers of 1954 and 1955. 
These fish were almost all eastern brook 
trout (Salvelinus fontinalis) with a few cut- 
throat trout (Salmo clarki). The fish caught 
ranged up to 12.5 inches in length and were 
in excellent condition. 

In contrast to the highly productive fish- 
ing on Nutras Creek, the Chavez forks were 
barren of fish life above the terminal mo- 


raines. A few fish were caught in the nar- 
row channel of Chavez Creek below the 
forks, but only two small trout were ever 
seen above the moraines in the beaver- 
abandoned areas. There is no way of deter- 
mining what the fish populations were in 
the Chavez Creek beaver colonies prior to 
their abandonment in 1939. However, it 
may be safely assumed that the present lack 
of fish life in these areas is due primarily to 
the draining of the ponds following the re- 
moval of the beavers. 

Big-game activity was difficult to assess 
in relation to beaver abandonment. Mule 
deer (Odocoileus hemionus) were thinly 
but evenly spread over the entire area. Elk 
(Cervus canadensis) were rare on Nutras 
Creek but were common on the broad mea- 
dows of West Chavez during the 1954 
season. During the second summer few elk 
were seen anywhere. The only possible con- 
clusion is that on summer ranges at high alti- 
tudes big-game animals are too wide rang- 
ing to be influenced by beaver activity on a 
few small watersheds. A valid study of big- 
game populations in this area would prob- 
ably have to include the entire upper Coche- 
topa Creek watershed, an area of approxi- 
mately 500 square miles. 

Observations were made of many other 
species of mammals and birds, such as chip- 
munks, marmots, ground squirrels, spruce 
squirrels, conies, hawks, owls, and nongame 
birds, but these species apparently were not 
subject to significant influence by the pres- 
ence or absence of beavers. In each case 
some other factor of environment was pres- 
ent that seemed to exert greater influence on 
the species than did beaver activity. 
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SUMMARY AND CONCLUSIONS 


The abandonment of a colony site by 
beavers is variable in its effects on the physi- 
cal environment depending upon the stabil- 
ity of the site. Abandoned areas on the high- 
ly stable Chavez forks have undergone little 
erosion damage during the past 15 years, 
and the drained pond bottoms were quickly 
invaded and stabilized by grasses and 
sedges. The effects of abandonment on the 
physical environment of the Chavez Creek 
area is considered to be minimal. 

Abandoned ponds were found to be much 
more productive of grasses and sedges than 
were the occupied ponds. However, the su- 
perior growth of willow stands around the 
occupied ponds more than compensated for 
the loss of willow by flooding, with the re- 
sult that occupied ponds produced greater 
amounts of willow browse than did the 
abandoned and drained ponds. 

The results of this investigation indicate 
that even on the most stable and physically 
suitable locations the abandonment of a col- 
ony by beavers means the loss of the aquatic 
habitat that is necessary for the survival of 
the trout fishery and the successful breed- 
ing of waterfowl. 

On streams, such as Nutras Creek, where 
beaver ponds make possible a valuable trout 
fishing area, all due consideration should be 
given to maintaining the beaver popula- 
tion. Since food shortage is a primary 
cause of abandonment, effective methods of 


perpetuating the aspen type adjacent , 
such streams should be developed, ‘ 
beaver population should be kept wel] With, 
in the limits of the available food supply 
and competition with browsing big game 
and livestock should be kept to a minimum 
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SOME COMMENTS ON A WILD TURKEY BROOD STUDY’ 


Vincent Schultz and Robert D. McDowell 


Agr 


Prior to the hunting season of 1951-52, the 
Virginia Commission of Game and Inland 
Fisheries abandoned the practice of approx- 
imating the wild turkey kill by game-warden 
estimates and initiated a compulsory in- 
spection at designated checking stations of 
all wild turkeys (Meleagris gallopavo) bag- 
sed. During the first season in which this 
regulation was in effect (1951-52), 2,148 
wild turkeys were inspected at checking 
stations. This was the lowest kill figure 
heretofore released by the Commission. 
During the open hunting season of 1952-53, 
only 1,606 wild turkeys were reported. The 
Commission, concerned by this decline in 
reported kills, instigated a study of the wild 
turkey through the Virginia Cooperative 
Wildlife Research Unit to determine the 
status of the bird in the Commonwealth. 
The results of the complete study (McDow- 
ell, 1956) will not be discussed in this paper; 
rather discussion will be restricted to the 
analysis and appropriateness of the col- 
lected brood data in providing information 
on the status of the turkeys. The collection 
of brood data was only a small facet of the 
project of determining whether or not an 
over-all state decline in the Virginia turkey 
population was occurring. 

Brood sizes can be classified into two pri- 
mary categories: studies of brood sizes at a 
specific time, and studies of trends through 
a period of time. The correct categorization 
of a specific brood study depends upon the 
objectives of the experimenter in collecting 
the brood data. 

The primary purpose of the Virginia in- 
vestigation was to establish the existence or 
nonexistence of a decline in the population 
through the analysis of various types of 
data. Secondarily, interest centered around 
the explanation for a decline, should it exist. 
Brood data were collected in order to ascer- 
tain whether or not an “abnormal” loss in 
young was occurring during the brood pe- 





1Release No. 57-1, Virginia Cooperative Wildlife 
Research Unit. 


icultural Experiment Station, University of Maryland, College Park, Maryland; and Forestry and 
Wildlife Management Section, Plant Science Department, University of Connecticut, Storrs, Connecticut 


riod throughout the state and to ascertain if 
average brood sizes varied widely between 
the primary physiographic regions of the 
state. Although it was desirable to obtain 
complete brood histories over the brood 
period, the infeasibility of collecting such 
data suggested the utilization of miscellane- 
ous reported brood observations by the pub- 
lic and Commission personnel. 


METHODS 


Collection.—The data utilized in this re- 
port were collected during 1953 in Virginia 
by McDowell (op. cit.) with the assistance 
of collaborators, from May to September, in- 
clusive. He describes the method of col- 
lection as follows: 


In order to collect information regarding brood sizes 
of the wild turkey in Virginia in 1953, the writer 
sent self-addressed postal cards to the Commission’s 
field force, requesting that they complete the ap- 
propriately marked blanks in order to supply the 
following data: 


(1) Personal observation or reported information 
(2) County in which brood was seen 

(3) Date on which brood was seen 

(4) Number of poults in brood(s) 

(5) Number of old hens with group of poults 
(6) Remarks, if any 


The cooperation of the general public was sought 
. in Virginia Wildlife . . . as well as in . . . many 
local newspapers throughout Virginia. 
District biologists, game wardens, game managers, 
graduate students at the Virginia Cooperative Wild- 
life Research Unit, and the writer accounted for 
116 broods each composed of one hen and her 
poults. The public reported 261 such broods to the 
above personnel, or directly to the Richmond offices 
of the Commission. . . . Seventy-four broods [only 
those accompanied by less than four hens are used 
in this study], in which the poults were accompanied 
by more than one hen, were reported by these two 
groups. ... 
Brood observations were discontinued at the end 
of September because field observations and reports 
from several wardens indicated that, after that 
month, it was difficult to distinguish the old hen 
from young gobblers in her brood, unless a very 
careful scrutiny of the group was possible. 
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TABLE 1.— SAMPLE SizE (n), AVERAGE NUMBER 
OF YOUNG PER OBSERVATION (av.), AND SAMPLE 
VARIANCE (s2) OF ALL SINGLE- AND MULTIPLE-HEN 
Broop OBSERVATIONS BY MONTH FROM VIRGINIA, 




















1953 

Number Month of Observation 

of Hens May June July Aug. Sept. 
n 29 124 95 76 53 

One av. 10.97 10.77 9.24 8.47 8.45 
s2 16.61 19.74 12.97 15.40 10.87 
n 1 4 17 16 5 

Two av. 26.00 11.75 18.00 12.63 15.00 
s2 ——— 149.58 35.25 24.25 44.00 
n 1 3 7 5 3 

Three av. 19.00 20.00 23.29 16.80 10.33 
s2 on 3.00 44.57 128.70 2.34 





As McDowell (op. cit.) found no statisti- 
cally significant difference between month- 
ly brood averages of Commission and pub- 
lic reports, no distinction between these re- 
ports is made in this paper. Table 1 contains 
the sample allocation of the Virginia brood 
data: sample size (n), average (av.), and 
sample variance (s*). The data in this table 
include some reports of brood sizes reported 
in intervals, a center value being utilized in 
this table and the analysis of the multiple- 
hen brood data. 


ANALYSIS 


Multiple hen broods.—The utilization of 
brood data requires a distinction between 
broods reported as accompanied by one hen 
or by more than one hen. In this paper, the 
expression “multiple-hen brood” refers to a 
brood (or broods) accompanied by more 
than one hen, and “single-hen brood” is used 
for young accompanied by a single hen. 

The Virginia wild turkey brood data were 
classified by month of observation and type 
of brood observation. An analysis of vari- 
ance was applied to study the comparability 
of monthly time trends in multiple- and 
single-hen brood data. Three brood obser- 
vation classifications were considered, i.e., 
young accompanied by one, two, and three 
hens. The analysis applied was a two-way 
classification, including interaction , with 
unequal numbers in cells as described by 
Rao (1952). The assumptions involved 
were the usual ones in the analysis of vari- 
ance: normal, independent, homogeneous 
experimental errors, and additivity. The 
analysis was conducted on the unmodified 


TABLE 2. — RESULTS OF ANALYSIS OF VARIANCE 9 
Broop CLASSIFICATION—MONTH OF OBSERVATIog 
INTERACTION (TRANSFORMED, \/Y, AND UNTRAN 

FORMED VARIATE, Y ) F 











Source Degrees Sum 
ry) re) of Mean 
Variation Freedom Squares Square Fi 
Interaction 
VY 8 10.68 1.34 2,688 
8 618.01 T7238 4.0% 
Error 
vy 424 209.87 0.50 
¥ 424 8178.09 19.29 
Total 
VY 438 280.67 
Y 438 11938.15 





1F 01 (8,300) < 2.57 


variate, Y (number of young in an obserya. 
tion ), as well as the square root of this vari. 
ate (Table 2). In an inspection of the as. 
sumption of homogeneity of variances, Bart. 
lett’s test was applied to the untransformed 
variate resulting in a significant chi-square 
( X° = 54.82; 12 degrees of freedom) and re. 
jection of the hypothesis of homogeneity. As 
a result of this test and an indication in the 
data that the variance might be proportional 
to the mean, it appeared that a square-root 
transformation of the data might be ap. 
propriate in the analysis. 

Analysis of the transformed and untrans- 
formed variate resulted in a very significant 
F-value for the interaction of brood classifi- 
cation and month of collection (Table 2). 
This implies that month-to-month changes 
in the average number of young per obser- 
vation were different for the different brood 
classifications. Thus it appears that in 
studying the effect of environmental pres- 
sure upon turkey broods, each type of brood 
classification should be kept distinct. As 
contrasted with single-brood observations, 
multiple-brood observations are smaller in 
number, accompanied by larger variances 
and are more erratic in trend characteristics 
(Table 1). 

The deletion of multiple-hen brood obser- 
vations from a trend study has a major inher- 
ent weakness, that of restricting a study pop- 
ulation to single-hen broods that may not be 
comparable with the over-all brood popula- 
tion. 

Single-hen broods.—A comparison of the 
monthly single-brood averages of the four 
physiographic regions being studied re- 
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silted in no statistically significant differ- 
ences between the regions (McDowell, op. 
vit,); therefore, a regression analysis was ap- 
plied to the composite Virginia single-hen 
jrood data in an attempt to study the char- 
acteristics of a state-wide trend. Only those 
single-hen brood observations exactly dated 
and reported as an exact size, rather than an 
interval, were utilized. The monthly se- 
lected sample allocation of these broods was 
\ay, 18; June, 67; July, 65; August, 39; and 
September, 30 broods. The average brood 
sizes for these months were 10.22, 10.09, 
9,08, 8.87 and 8.83, respectively. In the re- 
gression model, the independent variate 
(X) was day of observation and the depend- 
ent variate (Y’) was single-hen brood size. 
The assumptions in the analysis are normal, 
independent, homogeneous experimental er- 
rors with mean zero. Results of the analysis 
are presented in Table 3. No reduction in 
sum of squares was significant, but the com- 
uted F for the regression on only X is only 
(,07 less than the F.9; value. We conclude 
there is insufficient evidence to establish the 
existence of a trend in brood size during the 
period of study. 

It should be realized that totally deci- 
mated broods and exact age of brood at time 
of sampling are unaccounted for in this 
method of study. More specifically, the 


TABLE 3.— RESULTS OF REGRESSION ANALYSIS OF 
Broop S1zE ON Day OF OBSERVATION (X) 











Degrees Sum 
oO of Mean 
Source of Variation Freedom Squares Square Fl 
Regression on X, X2, X3 3 69.51 23.17 1.47 
Regression on X 1 59.31 59.31 3.77 
Regression on X2, X38 2 10.20 5.10 0.32 
after fitting X 
Error 214 3369.50 15.74 
Total 218 3439.01 





1F 95 (3,214) > 2.60 
F 05 (1,214) > 3.84 


writers believe these results indicate the in- 
adequacy of the data, the fallacy in search- 
ing for a trend over such an extensive region, 
and the weakness in failing to consider age 
of brood at time of sampling. The extreme 
variation in brood size in all months of 
study, shown in Figure 1, indicates that 
brood reduction was not similar throughout 
the study region or possibly any subregion 
within the state. The lack of a significant 
trend, when it is a biological fact that brood 
reduction is the norm, should not lead to dis- 
carding statistical techniques, but rather we 
should refine our study design and recon- 
sider the properties of the biological mater- 
ials with which we are concerned. 
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DIscussiIoN 


Considerable thought must be given to 
designing a brood study in order that the 
desired data are secured. Primary consider- 
ation should be given to defining the objec- 
tives of the study and consequently the 
brood population to be studied. Attempts 
should be made to study a homogeneous 
population, namely a population in which 
brood losses and ages are more or less similar 
throughout the population being studied. It 
may well be that knowledge of this type is 
unavailable and that we must conduct our 
study on a best-guess-of-population delinea- 
tion, e.g., on a physiographic or farming- 
type basis. The grouping of dissimilar 
populations in an attempt to obtain usable 
information on a state-wide basis is appar- 
ently not practical. Analysis of the Virginia 
wild turkey brood data on a state-wide basis 
illustrates this point. 

After defining the population, it is neces- 
sary that a suitable sampling scheme be de- 
signed which will fulfill the objectives of 
the study. In a study of time trends, it is de- 
sirable to obtain consecutive observations on 
the same brood and to apply analyses ap- 
propriate to such data. The impracticality 
of obtaining such consecutive brood obser- 
vations over an extensive region may restrict 
the use of such data to studies of an intensive 
nature on restricted areas. 

An inspection of our data indicated that 
only a very limited number of consecutive 
observations on the same brood were re- 
ported. A disproportionate number of re- 
ports from a restricted area within a study 
area should be avoided, e.g., a game-man- 
agement area in a regional study. There was 
some tendency in our data for such sampling 
to occur; however, it did not appear to be 
excessive. 

Although it is impossible to obtain a ran- 
dom sample of broods over an extensive re- 
gion, one should never lose sight of the fact 
that at least “approximate randomness” is 
fundamental if reliable inferences concern- 
ing the brood population are to be drawn 
from the sample. 

On the basis of our experiences we recom- 
mend the following procedures for studies 
utilizing the assistance of collaborators in 
collecting brood data. 

(1) Only exact counts should be used. 
Data involving a brood-size interval, for ex- 


ample, 12-15 young, should be discarded 
The need for exact counts should be eagle 
sized to collaborators. The tendency fo, 
brood sizes of 12 and 8 to be reported in the 
Virginia data (Figure 1), even after to. 
quests for exact counts, emphasizes the nee] 
for caution in collecting brood data, 

(2) The exact date, rather than month of 
observation, should be obtained. Care myy 
be taken that the date of observation ig po 
confused with date of reporting by field per. 
sonnel. 

(3) Location of observation should }y 
detailed in order that the study leader be 
aware of duplication in his data. This point 
cannot be overemphasized as the assum 
tion of independence in the statistical analy. 
sis applied by us was an important one, This 
assumption has been neglected frequently 
in brood studies that have come to the at. 
tention of the writers. 

(4) Name and address of observer shoul 
accompany report of observation. Such jp. 
formation may be of value in establishing ip. 
dependence in the data. 

(5) For reasons of independence a state. 
ment should accompany the report as to the 
possibility of duplicate or consecutive ob. 
servations on the reported brood. 
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SUMMARY 


This paper presents an analysis of multi- 
ple- and single-hen turkey brood observa- 
tions made in Virginia during 1953. The ex- 
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pression “multiple-hen brood” refers to a 
brood (or broods ) accompanied by more 
than one hen and “single-hen brood” is used 
for young accompanied by a single hen. The 
jiscussion is restricted to the analysis and 
appropriateness of the brood data collected 
in providing information on the status of the 
turkeys rather than to specific findings on 
the Virginia turkey population. 

An analysis of variance was applied to 
study the comparability of monthly time 
tends in multiple- and single-hen-brood 
data with the conclusion that month-to- 
month changes in the average number of 
young per observation were different for 
the different brood classifications. It ap- 
peared that in studying the effect of en- 
vironmental pressure upon turkey broods, 
each type of brood classification should be 
kept distinct. As contrasted with single- 
brood observations, multiple-brood observa- 
tions are smaller in number, accompanied 
by larger variances, and are more erratic in 
trend characteristics. 

A regression analysis was applied to the 
single-hen-brood data in an attempt to study 


the characteristics of a state-wide trend. It 
was concluded that there was insufficient 
evidence to establish the existence of a trend 
in brood size during the period of study. 
More specifically, the writers believe that 
the results indicated the inadequacy of the 
data, fallacy in searching for a trend over 
such an extensive region as the Common- 
wealth of Virginia, and the weakness in fail- 
ing to consider age of brood at time of samp- 
ling. The extreme variation in brood size in 
all months of study indicates that brood re- 
duction was not similar throughout the 
study region or possibly any subregion with- 
in the Commonwealth. 
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BOOK NOTE 


By Durward L. Allen. 
Kalg-Rgnde, Denmark. 


Fasanen og Vildtplejen. 
Vildtbiologisk Station, 
105pp., illus., 1956. 


Dr. Allen’s fine little book, “Pheasants Afield,” 
published here in 1953 by the Stackpole Company 
in their Sportsman’s Bookshelf, was considered so 
pertinent to pheasant management in Denmark that 
this version was prepared for Danish readers. It is 
distributed gratis, publication costs having been 
borne by the Danish game fund. The translation is 
by Agnete and Helge Volsge, and there is a foreword 
by Dr. Knud Paludan, of the Danish Wildlife Re- 
search Station. Of interest to American readers is 
the necessity for Dr. Paludan to explain in detail the 


term “bag limit,” which does not occur in Denmark 
—except as self imposed individually by landowners 
or hunters. 

The two chapters on Preserve Shooting and Pub- 
lic Hunting Areas, together with some of the less 
important illustrations, were omitted from the Dan- 
ish version; otherwise it is a direct, not condensed, 
translation. The Danish edition, incidentally, has 
improved considerably on the American format. The 
paper and the covers are of higher quality, the 
typography is more pleasing, and the illustrations 
have been reproduced infinitely better. 

We hope that this international recognition of Dr. 
Allen’s excellent little book will stimulate increased 
distribution here.—G.A.S. 





BRIEFER ARTICLES 


COTTONTAIL RABBIT PROPAGATION IN SMALL BREEDING PENS 
Dale E. Sheffer 
Maryland Game and Inland Fish Commission, Bel Air, Maryland 


An experiment was conducted in 1955 at the 
Gwynnbrook State Game Farm, Baltimore County, 
Maryland, to produce eastern cottontail rabbits 
( Sylvilagus floridanus ) in small breeding pens. This 
experiment will continue for three to four years, at 
the end of which time it is hoped to determine the 
numbers of rabbits and sex ratios most conducive 
to production in small pens varying in size from 
1/16 to 1/4 acre. The purpose of this study is to 
determine whether the cottontail can be produced 
in relatively large numbers in small outdoor en- 
closures. The Maryland Game and Inland Fish 
Commission considers it not feasible to raise cotton- 
tails for ordinary restocking, but is attempting to de- 
termine practical methods whereby sportsmen’s 
clubs, beagle clubs, and conservation agencies 
could expect reasonable results from raising the 
cottontail in confinement. The results of the first 
year’s experiments are as follows. 

Four open-top pens measuring 50 feet by 50 feet 
were erected with fencing of 18-gauge, 1-inch-mesh 
wire, 5 feet in height. These pens were located 
within a 70-acre wired enclosure encircled by an 
electric top wire. The electric top wire is necessary 
to exclude ground predators. 

The four pens were located on a contour strip. 
About 80 per cent of the pen area was planted 
with white dutch clover, and 20 per cent consisted 
of wild grasses that afforded good nesting cover. 
Each pen had three small brush piles of evergreen 
boughs and a small feeding shelter. The latter was 
constructed of tin, covered with grass and erected 
approximately 6 inches above the ground. Rab- 
bits were fed pellets under the shelters, and a pan 
of fresh water was placed in each pen. 

A total of 167 young rabbits was produced from 
seven females in the four pens, or an average of 


TABLE 1. — VARIATION IN LITTER SIZE 
oF 7 FEMALES 
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23.9 per female. The average size of each litter 
was 4.8 among 35 litters (Table 1). 

The sex ratio of adults used in each pen yariej 
from 1:1 to 1:3 (Table 2). 


TABLE 2.—Sex Ratios OF BREEDING Apu 








No. of 


Total Avg, 
Breeders ¥8-Young 


Pen No. Production per 9 





male — 3 females 78 
male — 2 females 46 
male — 1 female 21 
male — 1 female 22 


167 





The high production was probably due to the 
feeding of high-protein pellets, very little huma 
or animal disturbance, no nest disturbance, and re. 
moval of the young seven to ten days after their 
leaving the nest. The females in pen No. 2 were dif. 
ferent in size and so could be recognized as individ. 
uals even though they were not tagged. One of 
them, female No. 94, produced 36 young in seven 
litters. However, no physical examination wa 
made with each suspected litter. 

Thirty-six of the 167 young produced were lost, 
The types of mortality were as follows: least weasel 
(Mustela rixosa)—1, opossum (Didelphis virgin. 
iana )—10, weather (hurricane )—16, food (overeat- 
ing with insufficient intake of water )—1, accident- 
1, nest desertion—7. The ten losses atributed to an 
opossum occurred in two nights among nestlings in 
three nests. Female No. 94, which I believe had the 
highest production, caused the only mortality due 
to desertion. She completely deserted a nest of five 
by scattering them over the ground at birth and alo 
removed two out of a litter of seven. 

Each 50-foot by 50-foot pen represents approx- 
mately 1/16 acre. Under optimum conditions, asin 
pen No. 1 with a production of 78 rabbits by three 
females, production per acre would be roughly 
1,300 rabbits. Removing the breeders immediately 
following the breeding season and liming the pens, 
disking, and replanting should minimize the chance 
of holdover of diseased organisms. No losses have 
been experienced from disease thus far. In the 
course of subsequent experiment, we hope to leam 
whether it is necessary to move the pens each yeat 
or so. 
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RECORDED CALLS OF THE EASTERN CROW AS ATTRACTANTS AND 
REPELLENTS! 


Hubert Frings and Mable Frings 


Department of Zoology and Entomology, Pennsylvania State University; and 
Mount Desert Island Biological Laboratory, Salisbury Cove, Maine 


The eastern crow (Corvus brachyrhynchos ) often 
becomes a nuisance because of its feeding and roost- 
ing habits. As with other pest birds, many ideas for 
wattol have been tried, but none has proved fully 
atisfactory. As a continuation of our attempts to use 
recorded sounds of biological significance to influ- 
once behavior of pest birds (Frings, et al., 1954, 

1955), we have recorded the calls of the eastern 
cow and have studied the reactions of crows to 
iroadcasts of these recordings. 

The calls were recorded on tape (at 7% in./sec.), 
with either a Pentron Model 9T-3C or an Ampex 
\odel 350P tape recorder. Recordings were made 
in the field by concealing microphones near roost- 
ing or nesting places of wild crows and monitoring 
fom concealment nearby. The reactions of the 
birds to their natural sounds were thus observable. 
From these recordings, copies were made on contin- 
yous-loop tape cartridges played by a special player 
(“Bird-E-Vict”) through a Stromberg-Carlson 
\odel AU 42 amplifier and University Model PA 30 
speakers. 

The objectives of the study were mostly practical, 
and therefore no attempt was made to record the 
complete repertoire of calls nor to test fully all that 
were obtained. Bent (1946, pp. 247-249) reviews 
earlier studies on calls of crows, but we find it im- 
possible to compare the calls we recorded surely 
with the syllabic renditions given by earlier workers. 
Recordings were made of nestlings, juveniles, and 
adults. Attempts to capture wild adults for possible 
distress calls proved fruitless. Two calls were found 
early in the work to have pronounced effects, and 
these were tested most carefully. 

The first, an assembly call, is given by crows that 
have sighted an owl or a cat. The crows gather 
nearby and join in a strident chorus of sharp caws. 
This call, when recorded and broadcast, is remark- 
ably attractive to crows. We have tested it under 
many different conditions in Maine and Pennsyl- 
vania, usually without having crows within sight or 
hearing at the start, and in only 3 out of 30 tests have 
crows not come to the source of the sound within 
1-5 minutes. If the speakers and observers are in the 
open, the crows approach near enough to see them 
and settle on some vantage point to observe. If the 
speakers and observers are hidden, the crows may 
come almost to them. At intensities up to 120 db. at 
| meter from the speaker—loud enough to be dis- 
turbing to man—crows have come practically to the 


_——. 


1Paper No. 2030 in the Journal Series of the Pa. Agricul- 
tural Experiment Station. Bartley Block, Charles Ely, and H. 
Franklin Little assisted in parts of the work, and we wish to 
express our thanks to them. 


source. 

The second call, an alarm call, consisting of four 
short, sharp caws, is repellent. This is difficult to re- 
cord, because it is given at low intensities and crows 
use it only under special circumstances. The best 
conditions for hearing this call obtain when some 
crows are feeding on the ground and others perching 
nearby sight an enemy. Our first recording was at a 
very low level on the tape and was marred by back- 
ground noise. Even so, it proved effective, the crows 
flying immediately from the place where it was 
broadcast. We have not so far had the opportunity 
to test this call with large aggregations of crows for 
long-range effects, but many observations with small 
groups to date indicate a high degree of repellency. 

Tests with cries of nestlings or with ordinary caw- 
ing and its many variants have not revealed any re- 
actions in wild crows, except an occasional answer- 
ing of the last by crows at a distance. 

These observations, like those (Frings, et all, 
1955a, 1955b) on the herring gull (Larus argen- 
tatus ), show that the calls of these birds serve as a 
means of communication. The assembly call broad- 
cast at high intensities attracts, while the alarm call 
at low intensities repels crows. It is thus not mere 
intensity that is repellent in the last case. In general, 
the calls of crows have not elicited observable re- 
actions in other birds, except for one case in which 
herring gulls were also attracted by the assembly 
call. 

These results confirm our previous reports that 
biologically significant sounds may have practical 
value for attracting desirable species or for repelling 
pest species. They are usually specific, harmless to 
the birds, and easily controlled in application. Prac- 
tical evaluation of long-range effects is slow and ex- 
pensive, but results so far are promising. 
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A MARGINAL-DOT SYSTEM OF INDEXING REFERENCE CARDS 


R. Weldon Larimore 


Illinois Natural History Survey Division, Urbana, Illinois 


Most research scientists consider it necessary to 
maintain a card file of references to the literature in 
their particular fields. To be useful, such a file 
must provide both an author index and cross refer- 
ences to many subject categories, and its mainte- 
nance must require only a minimum of time and 
money. 

The punch-card system of indexing by notching 
out combinations of holes in a prepunched card 
seems to fulfill these requirements. It can be used 
to index a wide variety of information (Casey and 
Perry, 1951), including vertebrate ecology (Adams, 
1955). 

Many people have hesitated to use the punch- 
card system, or have tired of using it, because of 
the burden of handling every card in the file in 
order to select any one card. The effort seems es- 
pecially excessive in selecting references to a par- 
ticular author, for this system lacks the convenience 
of having all reference cards arranged alphabeti- 
cally by authors, or requires additional coding and 
sorting to group the cards according to author 
names. 

Aldous (1947) described a method of cross-in- 
dexing references by assigning various subject cate- 
gories to positions along the top and side edges of 
each index card and then notching the positions to 
indicate subjects relating to the particular refer- 
ence. This method avoided the disadvantage of the 
punch-card system mentioned above, but provided 
a rather small number of subject categories. To in- 
crease the number of categories permitted by this 
indexing method, I have employed what I have 
called the marginal-dot system. Although the mar- 
ginal-dot system does not have the multitude of 
reference categories provided by the punch-card 
system, which might be necessary in certain areas of 
research (e.g. taxonomy ), it seems especially adapt- 
able to the needs of field ecologists and wildlife 
technicians who may require no more than 100 to 
150 subject divisions—a number that exceeds the 
subject divisions in the reference files of a number 
of my colleagues. 


THE MARGINAL-DOT SYSTEM 


The simplicity of the marginal-dot system adds 
greatly to its value. Colored dots appearing along 
the upper and lateral edges of a reference card 
indicate that the article referred to by the card 
contains information on specific subjects. Thus, 
one may hunt for references on a specific subject 
by scanning the edges of groups of index cards 
for dots of a definite color and location, or one 
may ascertain from the colored dots on a single 
card the subjects covered in that reference. 

The first step in setting up the marginal-dot 
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system is that of preparing a key card. The to 
and both side margins of a card are marked off j, 
tenths of inches (10 positions to the inch), allow. 
ing 110 positions on a 3- x 5-inch card. Each 

sition is given 1 of 5 contrasting colors, the differ. 
ent colors being used to prevent confusion }p. 
tween adjacent positions. These colors follow , 
predetermined sequence around the card Margins 

A marking form, Fig. 1, facilitates the indexing 
procedure. This form consists of a heavy card 
about 5 x 8 inches in size with the subject Dosi- 
tions and colors arranged outside a central 3- x 5. 
inch area. The subject categories are likewis 
printed around the top and sides of this area and 
opposite assigned positions, Fig. 1. The entire gy. 
face of the key is protected by a covering of cley 
plastic. Small cleats of plastic placed at the lowe 
corners of the 3- x 5-inch area hold in the correc 
position the reference card to be marked. 

When a reference card is to be indexed, it js 
placed against the cleats of the marking form and 
positions corresponding to the proper Categories 
are marked on the edge of the card with a pencil 
of the correct color, Fig. 1. The colored “leads” of 
the pencils should be slightly water soluble. By 
moistening the tip of the colored “lead” on a we 
blotter, a very distinct dot can be made. The dot 
should cover the edge of the card at the selected po- 
sition and extend down the front about one-eighth 
of an inch. 

Indexing reference cards by this method is very 
fast; subject categories can be marked in about the 
time it takes to pick up the colored pencils. After 
becoming familiar with subject positions and color, 
a person can index a reference under a dozen cate- 
gories in less than a minute. 

The usefulness of the marginal-dot system lies in 
the ease with which author and subject references 
may be found. Since all cards are filed under the 
authors’ names in alphabetical order, references to 
the papers of a selected author are available with- 
out sorting through the entire file. Subject refer- 
ences are located by scanning the file and selecting 
cards with appropriate marginal dots. As refer- 
ences are found, the index cards can be removed 
from the file. It is often helpful to mark the pos- 
tion and color representing a selected subject ona 
blank 3- x 5-inch card for use as a guide in going 
through a long file. 

The index cards do not have to be in perfect 
alignment for one to find the cards of a desired cate- 
gory because a distance of one-half inch separates 
the two nearest marginal dots of the same color. A 
slight backward tilt of the cards as they lie in the 
file will help to expose the marginal dots. Dots that 
are so low on the side of a card as to be hidden by 
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INDEXING REFERENCE CArps—lLarimore 


Fic. 1. Sample reference card and marking form. The card is placed on the form and on its margin dots are marked to 
correspond with the colors and positions of subject categories dealth with in the article named on the card. 


the sides of the file drawer may be exposed by rais- 
ing left or right edges of groups of cards in the 
drawer, or by lifting small packets of cards clear of 
the drawer to expose the lower positions. These low 
positions present no real problem, for in most draw- 
as only a few of the lowest positions are hidden— 
and these should be assigned to categories of lesser 
interest. 


PossIBLE CHANGES IN THE SYSTEM 


The marginal-dot system can be modified for 
many particular needs. If more than 110 categories 
are desired, individual positions could be smaller 
and closer together than I have described. Sixteen 
positions to the inch would allow ample separation 
of one color repeated in a cycle of five. More 
crowding than this would make it difficult to print 
subject names on a marking form. 

Additional positions could be obtained by use of 
larger reference cards, such as the commonly used 
)- x 8-inch card. 

A second set of subject categories might be as- 
signed to the original 110 positions by designating 
them with a different set of colors; that is, each po- 
sition would carry two subjects, with each of these 
subjects being identified by a different color. The 
two categories assigned to any one position should 


be of widely separated subjects to reduce the like- 
lihood that both subjects would ever need to be in- 
cluded on the same card. I tested the usefulness of 
superimposed categories by dividing a card edge 
into eight positions to the inch, and applying a 
three-color sequence in each tier of positions. The 
categories were easily distinguished. 


More than five colors could be used in a selected 
sequence to increase the distance between repeti- 
tions of any one color. However, additional colors 
increase the mechanical difficulty of selecting the 
correct color for indexing a card. One pencil can be 
selected among five without hesitation; one among 
10 requires some searching. A holder to keep the 
pencils in order would largely overcome the prob- 
lem of quickly selecting the right one. Regardless 
of the number of colors used, it is very important to 
select contrasting colors and those of different in- 
tensities. For example, adjacent colors of dark blue, 
dark green, and black are difficult to separate, 
whereas a sequence of lavender blue, apple green, 
and black is very distinct. 

Related categories should be grouped to facilitate 
both the indexing and the selecting of associated 
subjects. For example, environmental factors might 
be arranged in one area, physiological functions in 
another. The major headings and subheadings may 
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be arranged alphabetically or in some order indicat- 
iug subject relationships. It is often possible to 
space categories in such a way that those usually 
appearing together in a paper may be designated by 
one or a limited number of colors, thereby speeding 
the job of indexing through the handling of fewer 
pencils. The selection and arrangement of subject 
categories must fulfill the particular requirements of 
the individual reference system. 


EVALUATION OF THE MARGINAL-DOT SYSTEM 


Some limitations of the marginal-dot system are 
as follows: (1) The system is not suitable for a ref- 
erence catalog requiring several hundred or more 
subject categories. (2) The marginal dots near the 
lower corners of each card may be difficult to see 
and use. 

The marginal-dot system possesses the following 
advantages: (1) One card per reference provides 
an index to authors and many subjects. This re- 
duces the storage space and expense required in 
having separate cards to fulfill these purposes. 
(2) A reference card may be quickly indexed to 
many subjects, thus not only saving time, but giv- 
ing a more nearly complete indexing than when ad- 
ditional cards are required. (3) No special cards 


or other items of equipment are necessary, (4) Carj 
files already established can be indexed by this 
tem. (5) An author file is maintained jn alohe 
betical order. (6) Selecting references haste 
file is fast and requires limited manipulation of the 
cards. (7) When references are to be select ] 
only the cards that are applicable are removed fro 
the file. 4 
Each person and each field of study has particy. 
lar requirements for indexing literature; no one ie. 
dexing system can satisfy the demands imposed } 
these diversified interests. The marginal-dot syaten 
has been described here with the hope that it ma 
fill the particular requirements of at least a fen 
specialists in the classification of their literature. 
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INCIDENCE AND EFFECT OF WARBLES ON 
SOUTHERN MICHIGAN COTTONTAILS 
Aelred D. Geis! 


Department of Fisheries and Wildlife 
Michigan State University, East Lansing, Michigan 


During the summers and falls of 1951, 1952, and 
1953, cottontail rabbits ( Sylvilagus floridanus ) were 
live-trapped in connection with a population study. 
The work was undertaken near Battle Creek at 
Kellogg Station of Michigan State University. It be- 
came evident that a surprisingly high percentage of 
the rabbit population was infected with large black 
grubs commonly called warbles. These were located 
beneath the skin of the throat and chest regions. 
This apparent abundance prompted a study of the 
incidence and effects of the dipterous larvae on 
these rabbits. One larva reared to maturity was 
identified by Dr. Curtis Sabrosky of the U.S. Na- 
tional Museum as Cuterebra horripilum Clark. 


INCIDENCE 

Seasonal fluctuations in incidence of large larvae 
are shown for 1951 in Fig. 1. The percentages of 
rabbits having either larvae or their vacated holes 
would better indicate the percentages of the total 
population infected. They are not used in this graph, 
however, since this inclusion would tend to obscure 
the periodicity of larval development. Apparently 





1 Now at the Waterfowl Biometry Office, Patuxent Re- 
search Refuge, Laurel, Maryland. 


few larvae were noticed before they reached their 
third and last instar. The curve, therefore, largely 
represents dates for larvae approaching maturity. 
Incidence during the year rose rapidly to a peak in 
late August and early September then gradually 
tapered off. The last warbles were seen in late 
October and early November. The incidence of 
warbles in juvenile rabbits was consistently higher 
than in adults. This difference was statistically sig- 
nificant, however, only for the 1951 data. 

The percentage of the rabbit population infected 
by warbles during the ten-day period of peak in- 
cidence varied from year to year. In 1951, 76 per 
cent of the rabbits handled during the last ten days 
of August had either larvae or holes in their skin 
through which larvae had recently emerged. Peak 
incidence for 1952 and 1953 was 38 per cent and 
40 per cent, respectively. When calculated from 
available trapping records between August 11 and 
September 10, the incidences were 53 per cent in 
1951, 38 per cent in 1952 and 25 per cent in 1953. 
These incidences may be lower than actually existed 
because infected rabbits may have been less likely 
to enter traps than were noninfected rabbits. 

In general, the number of warbles per infected 
rabbit was small. Ninety-nine rabbits were each 
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Fic. 1. Fluctuations in the incidence of warbles in live-trapped rabbits and the mean number of war- 
bles per infected rabbit during 1951. 


host to only one warble, 20 had two, 16 carried 
three, 5 supported four, and 1 harbored eight. The 
highest average number of warbles per infected 
rabbit occurred at about the time that the highest 
percentage of the rabbit population was infected 
(Fig. 1). 


EFFECTS OF WARBLES 


One infected rabbit was found dead and another 
which harbored eight warbles was so weak that it 
was captured by hand. Dr. Dale Fay, pathologist 
for the Game Division, Michigan Department of 
Conservation, autopsied these animals. For the first 
rabbit he reported “from the extent of the inflamma- 
tion caused by the bot fly larvae it is my opinion 
that they could be and probably were the cause of 
death, either by their direct effect or by weakening 
the animal to the point that it succumbed to other 
forces.” The debilitated condition of the other one, 
he said, appeared to be the direct result of a heavy 
warble infection. 

Indirect evidence of harm to rabbits was shown 
by the effects of warbles upon the growth rates of 
juveniles. Infected cottontails one and a half to 


three months old averaged 3.8 ounces lighter than 
noninfected rabbits of the same age group. As the 
hosts became larger, the influence of the warbles 
on weight became less important. In winter formerly 
infected rabbits weighed as much as noninfected 
animals. 

White-blood-cell counts of parasitized and non- 


parasitized rabbits also were compared. Twelve 
rabbits harboring one or more warbles averaged 
12,492 white blood cells per cubic millimeter of 
blood, ranging from 7,800 to 24,500. Twenty-six 
noninfected rabbits averaged 6,472, ranging from 
3,500 to 11,000. The difference between these 
counts statistically was highly significant. 

In addition to the animal’s age and the number 
of warbles infecting a rabbit, the locations at which 
warbles develop had an important effect. In one 
atypical instance a warble developed between the 
throat muscles, crowding the trachea. Inflammation 
and hemorrhaging were present in muscles adjacent 
to the warble. 

The writer wishes to thank Dr. George A. Pet- 
rides, Associate Professor, Department of Fisheries 
and Wildlife, Michigan State University, for crit- 
ically reading the manuscript. 


SUMMARY 

Seasonal and yearly degrees and fluctuations in 
warble incidence in rabbits were discussed. The 
effects of warbles included decreased growth rate, 
increased white-blood-cell counts, general weakness 
and, at least occasionally, death. The seriousness of 
the infection seemed to be influenced by the age 
of the host, the number of warbles infecting the 
rabbit, and the location at which the warbles de- 
veloped. 
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MORTALITY OF CANADA GEESE WITH IMPACTED GULLETS IN 
EASTERN WASHINGTON, 1949-1954! 


Henry A. Hansen? 
Washington State Game Department, Spokane, Washington 


Charles W. McNeil and Margaret D. Priebe 
Department of Zoology, State College of Washington, Pullman, Washington 


History AND CHRONOLOGY 


In February 1950, a farmer-sportsman living at 
Philleo Lake near Spangle, Spokane County, Wash- 
ington, reported that 18 Canada geese had been 
found dead on Philleo Lake early in October 1949, 
prior to the hunting season. Personnel of the Turn- 
bull National Wildlife Refuge near Cheney, Wash- 
ington, found 34 dead and/or dying geese ( Branta 
canadensis moffitti and Branta canadensis leuco- 
pareia) on the Stubblefield Lake Unit of the refuge 
September 29, 1950. Stubblefield Lake is located 
about one air-mile west of Philleo Lake where the 
first dead geese had been located the previous year. 
In addition to the 34 geese picked up on September 
29, 12 other birds in a weakened condition were 
able to escape capture by swimming away. Some 
of the geese appeared to have been dead about two 
weeks, which would indicate that the first deaths 
occurred about September 15. The first migrant 
geese did not appear at Stubblefield Lake until Sep- 
tember 10 and 12, 1950. 

A total of 98 geese in a dead or dying condition 
was found during the period between September 
29 and October 20, 1950. Some of these were lo- 
cated in sprouted wheat fields more than one-half 
mile from water. During the period of high mortal- 
ity a migrant flock of between 1,000 and 1.200 geese 
established itself in the area. An estimated nine per 
cent of the flock was thought to have died, but the 
actual mortality could have been much higher, be- 
cause many birds may have died in isolated places 
and gone undetected, and still others in a weakened 
condition could have been taken by predators. 

An extensive check was made of all areas used by 
migrant Canada geese in eastern Washington and 
northern Idaho. Thirty-nine geese in a dead or dy- 
ing condition were found during February 1951 at 
the confluence of the Couer d’Alene River and Lake 
Couer d'Alene in northern Idaho. These birds ex- 
hibited the same symptoms as those collected on or 
near Turnbull Refuge, but the Couer d’Alene has an 
extended history of spring die-offs dating from 
1933. Since all the affected birds at Turnbull were 
migrants, they could have come into contact with 
gizzard worms, toxins, or other causative agents 
prior to their arrival on the refuge. Fall observations 





1This investigation was supported in part by funds pro- 
vided for biological and medical research by the State of 
Washington Initiative Measure No. 171. 

2Present address: U.S. Fish and Wildlife Service, Juneau, 
Alaska 
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in northern Idaho and northeastern Washington 
practically precluded the possibility that Migrant 
geese arriving on the Turnbull Refuge in September 
had stopped on the Couer d’Alene enroute. Rather 
it appeared that the early Canada geese made a di. 
rect flight from the upper Columbia River Y. 
in southeastern British Columbia to the Tumby 
Refuge area. 

The severe mortality of 1950 was not experienced 
during 1951 through 1954, although 18 dead anj 
sick geese were found. In 1952 and 1954 the true 
extent of the die-off may have been masked by the 
hunting season, which started prior to the first 
known deaths, nine in 1952 and eight in 1954, jy 
both years some geese seriously affected but stil 
mobile were shot at Philleo Lake early in the hun. 
ing season. It could not be ascertained how many 
more in the same physical condition were shot and 
not reported from other areas. 


PARASITOLOGY AND PATHOLOGY 


All of the affected birds examined were severely 
emaciated, and the same symptoms were exhibited 
each year. The weight of B. c. moffitti ranged from 
3% to 6 pounds compared to normal weights of § 
to 14 pounds in healthy birds. In every case the 
esophagus was impacted with green, leafy food ma- 
terial and grain, mainly sprouted wheat ( Figs. 1 and 
2). The bolus of food was too large and compact to 
allow passage into the gizzard. The mucosa of the 
esophagus and proventriculus was black and leath- 
ery, and often sloughed from the submucosa (Fig. 
2). It appeared that the impaction had caused con- 
siderable pressure, resulting in necrosis of the mv- 
cosa. Hanson and Smith (1950) described a very 
similar condition in Canada geese in Illinois and 
designated it as “bound crop.” Frequently the lin- 
ing of the esophagus and gizzard had even begun 
to slough in living, affected geese from the Turnbull 
population. 

Both normal and affected geese were examined 
for parasites, and the same species of intestinal 
parasites occurred in both groups in approximately 
the same numbers. The species of intestinal hel- 
minths and the maximum numbers recorded from 
any one bird were as follows: Cotylurus hebraicus, 
10; Echinoparyphium sp., 139; Echinostomum te- 
volutum, 1; Hymenolepis sp., 6; and Zygocotyle 
lunatum, 9. It is doubtful that these parasites con- 
tributed significantly to the loss of geese during the 
period of study. In a winter die-off of ducks in 
southern Idaho in 1937 Kalmbach and Cobum 
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CANADA GEESE WITH IMPACTED GuLLets—Hansen et al. 97 





Fic. 1. Impacted esophagus of Canada goose. 


“<< 


(1937), however, postulated that . parasitism 
(involving nematodes, cestodes, and trematodes ) 
_ were involved in, and probably were factors 
underlying, the disability of most of the birds that 
succumbed.” They further pointed out, though, 
that parasitism was only one of a number of things 
that may have been working simultaneously to the 
disadvantage of the birds. During two summers in 
eastern Washington, McNeil (1948) checked 62 
healthy specimens of 10 species of waterfowl, in- 
cluding Canada geese, and found many of them 
heavily parasitized. He stated, “It was surprising 
to find that birds infected with as many as 206 para- 
sites were in perfect condition as far as could be as- 
certained with the material at hand.” 
Examination of six of the affected geese showed 





Fic. 2. Food bolus in impacted esophagus. Note necrotic 
mucosa at right. 


between 12 and 28 nematodes, Amidostomum an- 
seris, per gizzard. The gizzard worms were most 
active and most numerous beneath the loosened 
margins of the grinding plates and had caused con- 
siderable inflammation and petechial hemorrhaging. 
Bunyea and Creech (1926) indicated that the ab- 
sorption of toxins both from the nematodes and from 
arrested metabolism might be responsible for a 
weakened body condition. Five healthy geese from 
the Turnbull Refuge population were examined. 
One of these was free of gizzard worms, and each 
of the others had four or fewer worms present. The 
number of Amidostomum present in the gizzards of 
either stricken or healthy birds was considerably 
smaller than the number reported by Herman and 
Wehr (1954). They found extensive erosion when 
more than 150 worms were present in the gizzard, 
and reported as many as 1,537 worms in a single 
goose. 

The appearance of the lining of the esophagus 
and the severe loss of body weight led us at first to 
suspect chemical poisoning with heavy metals such 
as lead, although in none of the geese examined was 
there any evidence of lead shot in the gizzard or in- 
testinal tract. Chemical analyses made at the State 
College of Washington did not indicate lead or other 
heavy metals in the tissues. One of the affected 
birds was analyzed by James B. DeWitt of the U.S. 
Fish and Wildlife Service, Laurel, Maryland. Anal- 
ysis of skeleton, liver, and other soft tissues showed 
the presence of small amounts of lead. A compari- 
son between the affected goose, normal ducks and 
ducks dosed with lead is shown in Table 1 (com- 


TaBLE 1. — LEAD CONTENT OF TISSUES 
(Milligrams per 100 grams, wet weight ) 











Liver Skeleton Soft Tissues 
Canada Goose 0.78 0.34 0.045 
Ducks 
undosed 0.14 5.5 0.004 
dosed 4.4 25.0 1.8 





piled by DeWitt). Apparently data from mallards 
(Anas platyrhynchos) and black ducks (A. rub- 
ripes) were combined. The undosed ducks re- 
mained normal-appearing mallards and black ducks, 
while the dosed birds died of acute lead poisoning. 

Two fresh, dead specimens were frozen and sent 
to other laboratories for independent examinations. 
Dr. E. L. Cheatum, then at the Montana Coopera- 
tive Wildlife Research Unit, reported traces of lead 
in the tissues of the goose sent to him for analysis, 
but thought it was in a sublethal quantity. He sug- 
gested the possibility of cadmium or thallium as a 
factor in mortality, however. A report on an af- 
fected goose (B. c. leucopareia) sent to the Illinois 
Natural History Survey indicated absence of lead 
in the tissues of the liver and kidneys. The gizzard 
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and proventriculus of this bird were packed with 
aquatic plants and coarse quartz sand. Harold C. 
Hanson thought it possible that the gizzard had be- 
come so packed with sand that it had lost its mobil- 
ity, and the bird was unable to process food mater- 
ial. However, this was the only bird examined in 
which the gizzard was packed with sand. All other 
specimens had compaction in the esophagus and 
proventriculus only and the gizzard was empty or 
nearly so. It is unfortunate that Hanson received 
an atypical specimen for autopsy. 

None of the sick birds showed symptoms indicat- 
ing botulism, nor has there been a history of botul- 
ism in the geographical region covered by this re- 
port. However, during the summer of 1955 several 
hundred waterfowl and shore birds of various kinds 
died of botulism at Moses Lake, Washington. This 
area is about 95 miles west of the Turnbull refuge. 
No deaths of geese were reported. 


DIscussiIOoN 


It would appear that all the affected geese exam- 
ined in this die-off were unable to utilize food and 
had starved with their upper digestive tracts im- 
pacted with food. The presence of 12 to 28 Ami- 
dostomum anseris may have been sufficient to cause 
impairment of gizzard mobility, resulting in im- 
paction of the esophagus and pressure necrosis. In 
light of the more exhaustive research by Herman 
and Wehr ( op.cit. ), however, the probability is that 
nematodes were secondary contributors at best in 
the Turnbull epidemic. They conclude, “Of the 
Canada geese examined, there were few in which 
the occurrence of these parasites alone could ac- 
count for weakness or ultimate death. Many birds 
also harbored other parasites. The combined para- 
site burden, coupled with adverse conditions of hab- 
itat and competition for existence . places 
Amidostomum more in the category of a contribut- 
ing factor to, than the primary cause of losses 
In the opinion of the authors, Amidostomum in- 
fection in wintering Canada geese is not often, in 
itself, the cause of death.” 

It would be premature to state categorically that 
lead poisoning was the cause of the epidemic inas- 
much as the various analyses were conflicting and 
inconclusive. Yet the possibility remains that an ac- 
cumulation of lead or other heavy metal was ac- 
quired over a period of time, sublethal in itself, but 
sufficient to upset basic metabolism so that the nem- 
atodes could assume primary importance. Samples 
of grit from the suspected source of infection in 
British Columbia were analyzed and the results as 
supplied by David A. Munro (personal communica- 
tion) are: lead, 73 p.p.m.; thallium, 0.1 to 0.5 
p.p.m.; cadmium, 0.6 p.p.m. Munro raised the 


question whether geese, over the course of a sum- 
mer, would absorb enough lead from grit contain- 
ing 70 p.p.m. to build up a lethal concentration in 
the body. 


A few affected geese were taken alive and they 
could neither eat nor drink and often showed ng 
toms contributable either to uremic poisoning or ; 
kalosis. An attempt to determine uric acid blood lev. 
els was made using the Folin-Wu method. Bh ; 
was not available from affected birds by the tim, 
the necessary modifications in procedures hg 
made. However, blood from normal Canada Zeese 
was tested. Their uric acid blood level varied be. 
tween 5.2 and 11.5 milligram per cent. The ave. 
age uric acid blood level based upon twelve samples 
of heparinized whole blood from five normal Bese 
was 8.3 milligram per cent. 

In the Turnbull Refuge mortality of Canaq, 
geese, as in other studies of parasite-host relation. 
ships, it seemed that the eventual death of the ing. 
vidual birds resulted from a complex of factors, each 
sublethal. Each of the possible factors involved in 
the mortality of Canada geese on Turnbull Refuge 
should be investigated and its importance deter. 
mined. More information is needed with respect tp 
the possibility of poisoning with lead or other metal 
during the migration period. Cowan (1955) has be. 
gun a detailed study of the life history of the giz. 
zard worm and its role as a contributing factor to the 
winter loss of Canada geese. 


SUMMARY 


From 1949 through 1954, 134 Canada geese were 
found dead on and near the Turnbull National 
Wildlife Refuge, all of which were severely emaci- 
ated and had impacted gullets. Lead poisoning was 
in evidence but not proved to be lethal. Gizzard 
worms, Amidostomum anseris, were present in 
above-average numbers compared to normal birds 
examined and probably were contributory to the 
death of the geese. Preliminary tests indicated that 
normal Canada geese had an average of 8.3 nilli- 
gram per cent uric acid in the blood. 
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OCCURRENCE OF LEUCOCYTOZOON SIMONDI M. & L. IN WILD 
WATERFOWL IN SASKATCHEWAN AND MANITOBA! 


G. D. Burgess 


Veterinary and Medical Entomology Section, 
Entomology Laboratory, Saskatoon, Saskatchewan 


Leucocytozoon, Haemoproteus, Plasmodium, and 
Trypanosoma spp., as well as microfilaria, have been 
found in peripheral blood of wild waterfowl from 
the United States by one or another of the following 
quthors: Herman (1938, 1951), Nelson and Gash- 
wiler (1941), Wetmore (1941), Wood and Her- 
man (1943), and Levine and Hanson (1953). 
Clarke (1946) has reported Leucocytozoon in a 
black duck (Anas rubripes) from Ontario. This is 
the only record found in the literature concerning 
the occurrence of these parasites in wild waterfowl 
from Canada. 

Asa preliminary to a study of black flies (Simuli- 
idae) as vectors of leucocytozoon parasites, a survey 
was made to determine the status of these haemato- 
cytozoa and, incidentally, any other blood parasites 
in wild waterfowl from southern Saskatchewan and 
southwestern Manitoba. 


METHODS 


During July and August of 1954 and 1955, blood 
smears were obtained from waterfowl at 42 locali- 
ties in the region bounded by latitudes 49° and 54° 
north and longitudes 100° and 110° west. This area 
encompasses approximately 100,000 square miles of 
Saskatchewan and Manitoba. 

Most of the ducks and all the geese were provided 
by waterfowl banding crews of the U.S. Fish and 
Wildlife Service and the Canadian Wildlife Service. 
The itineraries of these crews determined the local- 
ities from which blood smears of live waterfowl 
were obtained. All these birds were pre-flight juve- 
niles and flightless, moulting adults. A smear was 
made from each bird by extracting a developing 
light feather and squeezing a drop of blood from 
the base of the quill. In addition, because the in- 
vestigation was meant primarily to find enzootic foci 
of leucocytozoon infection, waterfowl were shot 
near black-tly breeding streams in localities where 
banding crews did not operate. Immediately after 
a bird was shot, a leg was severed at the joint be- 
tween the tibia and the tarsus, and blood for a smear 
was forced from vessels of the tarsus. These two 
techniques for procuring blood for smears were 
more convenient than the customary venipuncture 
in live birds and cardiac puncture in dead birds. 

The blood smears were examined with a Leitz 
Dialux phase-contrast microscope, so that fixing and 
staining were unnecessary. Each smear was exam- 
ined for at least five minutes at a magnification of 
500 diameters. This combination of time and mag- 
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nification has been reported to be satisfactory for 
finding leucocytoon organisms in a blood smear 
(Chernin, 1952a, b). 

RESULTS AND DIscussION 

Table 1 presents the data according to age and 
habitat of waterfowl. All adults were more than 
one year old; juveniles, less than four months. Areas 
designated as mixed prairie and fescue grassland 
follow Coupland (1950). Black flies are more wide- 
spread and abundant, and more species of them 
are present in the latter than in the tormer zone. 

Of the smears from 702 waterfowl of 13 species 
examined, those from four ducks of three species ex- 
hibited leucocytozoon gametocytes. These gameto- 
cytes were considered to be of Leucocytozoon sim- 
ondi Mathis and Leger according to Herman 
(1944). The parasitized ducks were one adult mal- 
lard and one juvenile pintail, both shot near Kelloe, 
Manitoba, in July 1955; and two green-winged teal 
from Saskatchewan, one shot near Loon Lake, the 
other live-trapped near Dafoe, in August 1954. 
These four specimens were from the fescue grass- 
land area, but not all were necessarily infected near 
their point of capture. Only the pintail, a bird too 
young to fly, must have been infected locally. The 
mallard and two teal were adults and may have 
been infected anywhere from breeding to wintering 
grounds. 

Other species of blood parasites were not found 
in peripheral blood. 

No reason is apparent for the low incidence of 
parasitism and the occurrence of only a single 
species of blood parasite in waterfowl of the area 
surveyed. In contrast, surveys made elsewhere in 
North America have revealed a higher incidence of 
blood parasitism and two or more genera of para- 
sites (Table 2). Relatively little is known of the 
complexities of host-parasite-vector-environment re- 
lationships, the migratory habits of the waterfowl, 
and the breeding and wintering grounds frequented. 
Elucidation of these factors may reveal an explana- 
tion for the virtual nonexistence of parasites in pe- 
ripheral blood of wild waterfowl from Saskatchewan 
and Manitoba—one of the most important duck-pro- 
ducing regions in North America. 
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TABLE 1. — INCIDENCE OF Leucocytozoon simondi In WiLD WATERFOWL IN SASKATCHEW 
MANITOBA 
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Common Name Scientific Name Adult Juvenile Infected Adult Juvenile Infected 7, tal 
0 
Canada goose Branta canadensis (L.) 227 5 0 — = 0 oes 
Mallard Anas platyrhynchos L. 37 26 0 21 1 1 * 
Gadwall Anas strepera (L.) _ 1 0 = 0 : 
Baldpate Mareca americana (Gmelin) 1 1 0 _ 13 0 5 
Pintail Anas acuta L. 37 73 0 13 15 1 ts 
Green-winged teal Anas carolinensis Gmelin 20 -- 0 4 1 2 95 
Blue-winged teal Anas discors L. 49 18 0 38 12 0 lr 
Shoveller Spatula clypeata (L.) 21 8 0 2 4 0 35 
Redhead Aythya americana (Eyton) - 3 0 1 _ 0 4 
Canvas-back Aythya valisineria (Wilson) - 2 0 — _ 0 
Lesser scaup Aythya affinis (Eyton) = _ 0 3 — 0 3 
Ruddy duck Oxyura jamaicensis ( Wilson) _ -- 0 2 6 0 8 
Coot Fulica americana Gmelin 1 ~ 0 24 i? 0 37 
Totals 393 137 0 108 64 4 703 
TABLE 2. — INCIDENCE OF BLOOp PARASITES REPORTED IN WILD WATERFOWL IN NortH AMERICA 
Percentage Parasitized by 

e & ; 6. 

5 g : 5 g 

2 iS = S B 

Waterfowl = 5 5 = is 

Locality Examined = 8 2 > 8 Author 

— = x a = 
Cape Cod, Mass. 120 (5 species ) 10 5 0 0 0 Herman, 1938 
Central Maine 130 (9 species) 60 46 0 0 33 Nelson and Gashwiler, 194] 
District of Columbia 88 (7 species) 7 24 0 0 9 Wetmore, 1941 

and vicinity 
Northern California 67 (6 species) 21 4 0 3 3 Wood and Herman, 1943 
California 1,011 (19 species) | 0.7 0.6 0 0.6 Herman, 1951 
Horseshoe Lake, III. 353 (1 species) 9 1 0.3 0 1 Levine and Hanson, 1953 
Algonquin Park, Ont. 7 (3 species) 17 0 0 0 17 Clarke, 1946 
Saskatchewan and 702 (13 species) 1 0 0 0 0 Burgess, this paper 
Manitoba 
SUMMARY ada. Ecol. Monog., 20:271-315. 


In July and August of 1954 and 1955, blood 
smears were obtained from 702 waterfowl! of 13 
species at 42 localities in southern Saskatchewan 
and southwestern Manitoba. Four ducks of three 
species were parasitized by Leucocytozoon simondi 
Mathis and Leger. Only one of these ducks was 
necessarily infected locally. No other parasites were 
found in smears of peripheral blood. No explana- 
tion is apparent for the low incidence of blood para- 
sites. 
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State University of New York, 


What is the real effect of deer on forests? The ap- 
parent effect is easily seen. It seems logical to con- 
dude that the browsed plants would have been 
uller and more vigorous without deer (Odocoileus 
pp.), and that the antler-scraped tree instead of 
ee into a saw log is doomed to decay and 
death. However, such simple observation and log- 
cal deduction alone can seldom be trusted to re- 
veal the true effect of deer on forest vegetation. In 
the complex forest community, so many factors are 
related and interrelated that to determine the real 
jgnificance of deer, as one of the complex of factors, 
is always difficult and perhaps often impossible. Yet 
when most of us step off the road and find evidence 
of heavy browsing, we are willing to conclude that 
deer are a significant factor—perhaps a limiting 
factor—in the regeneration of the tree species. 

The real effect of deer on vegetation is often 
detrimental. The Kaibab herd is a classic example 
of biologic detriment since browsing had a critical 
effect on plant composition and vigor. Deer in an 
apple orchard are an economic detriment since their 
browsing interferes with monetary returns from 
land-use. However, it is quite possible that in many 
forested regions of North America (with our pres- 
ent intensity of land management) deer may have a 
relatively neutral effect on their environment, since 
the vegetation would not be significantly changed 
if deer were eliminated from the forest. 

In some cases deer may actually increase growth 
rate and improve the quality of forest trees. Under 
some conditions even extremely heavy browsing 
may actually be beneficial. For example, deer re- 
moval of lower branches of established trees, even 
to the extent of an obvious “deer-line,” may not 
seriously affect vigor of the trees; in some cases such 
an early pruning might even increase the value of 
the stand as a timber producer. Deer pawing and 
disturbance of leaf-litter may “plant” some seeds 
that would not otherwise become established. In 
some forest types, heavy browsing on a dense stand 
of young trees may be beneficial if deer thin the 
stand and allow the residuals to grow more rapidly. 
Even extremely heavy browsing on advanced 
growth, while frequently cited as overbrowsing, 
may only constitute the removal of a segment of the 
flora that would be doomed anyway. In many for- 
est types, advanced growth under a dense canopy is 
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not expected to grow vigorously. In these types the 
forester expects to regenerate the stand by special 
cutting practices at the proper time in the rotation. 
These neutral or beneficial effects are not a denial 
that deer can and do overbrowse their range. They 
are only a reminder that apparent overbrowsing may 
only be heavy browsing which, in the long run, does 
not have a detrimental effect on the forest. The re- 


INTERPRETATION OF OVERBROWSING IN NORTHEASTERN FORESTS 


William L. Webb 


College of Forestry, Syracuse 


minder will be strengthened by a review of some 
recent literature from the Northeast and the Lake 
States on experimental work conducted to deter- 
mine the effect of deer on forest vegetation. 

A number of investigators have measured the ef- 
fect of deer by fencing them off from sample areas. 
In Pennsylvania, Ostrum (1937, 1942) and Hough 
(1949) used a series of fenced exclosures to deter- 
mine the effect of deer and rabbits on woody vege- 
tation in a second-growth hardwood stand. Each 
exclosure was completely fenced against deer and 
one-half of each was also screened to exclude rab- 
bits. After ten years of protection, it was obvious 
that deer had a relatively slight effect on this type 
because only slight recovery occurred where deer 
alone were excluded. However, rabbits were shown 
to have a much greater effect than deer because 
there was a marked revival of browse plants where 
both were excluded. Hough estimated that during 
this study the deer population density was between 
14 and 30 acres per deer. Although it may be con- 
cluded from this that the total browsing animal pop- 
ulation exceeded the carrying capacity (i.e., the 
range was overbrowsed ), certainly deer alone were 
not overbrowsing the range since their activity did 
not limit forest growth. 

Webb, et. al. (1956) reported on the results of 15 
years of exclusion of deer from a mature stand of 
northern hardwoods in the Adirondack Mountains of 
New York. The deer of the area were not hunted 
nor were there any effective deer predators, so the 
population must have been at or above the carrying 
capacity. The population density fluctuated be- 
tween 15.4 and 34.4 acres per deer in the study pe- 
riod. At the time of establishment, these exclosures 
were considered to be demonstration areas more 
than research areas, since shrubs and tree repro- 
duction showed “unmistakable” evidence of over- 
browsing. The low-growing woody vegetation was 
short, stag-topped, and obviously lacking in vigor. 
It was expected that a few years’ release from deer 
browsing would result in an obvious response. 
However, after 15 years it was concluded that deer 
were not a significant factor in controlling the vege- 
tation of a mature hardwood forest. This is actually 
a situation where the forest itself limited the growth 
of browse plants, and deer browsing actually had 
little effect on growth or survival. Such factors as 
root competition and shade from dominant trees 
limited the growth and vigor of the subordinate 
vegetation, with deer as only a subordinate factor. 
Yet at the beginning of the experiment a trained 
group of foresters and wildlife managers expected 
the shrubs and advanced growth to respond vigor- 
ously when deer pressure was removed. 

Two recent studies in Michigan provided con- 
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flicting evidence on the effect of deer on forest vege- 
tation. Graham (1954) established a series of ex- 
closures in openings created by partial cutting of a 
hemlock-hardwood stand. After four years of pro- 
tection, palatable hardwood species were more than 
8 feet tall while unprotected stems “... had gained 
little in height.” Apparently the deer population in 
this recently logged area was limiting height growth. 
Switzenberg, et al. (1955) compared two second- 
growth stands (2 to 5 inches in diameter) that had 
been established after a clear-cut logging. In the 
years following that logging, one stand was very 
heavily browsed while the other was only lightly 
browsed. They showed that “satisfactory stocking 
of hard maple and some other hardwoods was pos- 
sible even under extremely severe browsing.” They 
also evaluated the quality of the stems and found 
that deer browsing would not affect the value of the 
trees by the time they reached merchantable size. 

The apparent conflict in these two conclusions 
from Michigan cannot be resolved without further 
data. It seems possible that the differences reported 
by Graham in the young stand may be minimized or 
even eliminated as the stand matures. Further data 
from Graham’s exclosures may reveal that compe- 
tition between the protected stems may slow the 
growth enough to allow the browsed stems to catch 
up. 

Krefting (1953a) used exclosures to determine 
the effects of deer on planted and natural regenera- 
tion of jack pine (Pinus Banksiana) in Michigan. 
After two years of protection he concluded that deer 
were a significant factor in both establishment and 
growth of this species. However, in a similar ex- 
closure study in Minnesota, Krefting (1953b) found 
that deer damage to planted jack pine was neg- 
ligible, while harm from snowshoe hares (Lepus 
americana ) was severe. 

Effect of deer on vegetation has been simulated 
in several recent studies by artificial browsing. 
Areas were fenced to exclude deer and rabbits, and 
then trees and shrubs were clipped to simulate re- 
moval of a known amount of buds and stems. The 
clipping done by Aldous (1952) emphasized the 
variation in response of different plant species and 
different size classes. He found that browse pro- 
duction by mountain maple ( Acer spicatum ), white 
birch (Betula alba), beaked hazelnut (Corylus 
cornuta), pin cherry (Prunus pennsylvanica), wil- 
low (Salix spp.), and black ash (Fraxinus nigra) 
was sustained under moderate to heavy clipping. 
Several of these species actually produced more 
annual growth when 100 per cent of each year’s 
growth was clipped than did lightly clipped or un- 
clipped plants. Aldous stressed the point that, un- 
less such species as mountain maple and white birch 
were very heavily browsed, they quickly grew up 
beyond the reach of deer. On the other hand moun- 
tain ash (Pyrus americana), red osier dogwood 
(Cornus stolonifera), and red-berried elder (Sam- 
bucus pubens) did not stand up well under heavy 
utilization and must not be more than moderately 
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utilized to continue as browse producers in the f 
est stand. White cedar trees (Thuja occidental, 
less than 7 feet tall can withstand browsing of oh 
15 to 20 per cent of the foliage annually, Heavie 
utilization caused decline of browse production “4 
tarded growth, and resulted in gradual death, How. 
ever, white cedar more than 7 feet tall can he 
browsed without limit. In this case, deer merely 
removed foilage that would be lost by natural prun- 
ing, and browsing was a means of utilizing vegeta. 
tion that would otherwise be wasted. A deer line 
on white cedar over 7 feet tall cannot, theref 
be considered a sign of overbrowsing. 

Krefting and Stoeckler (1953) clipped recently 
planted conifers to determine effects of browsing on 
forest plantations. Over a three-year period the 
terminal bud and one inch of the leader were clip. 
ped from one to three times. Their study revegle 
that, while some recently planted conifers we, 
vulnerable to deer browsing, other species were no} 
significantly affected. Red pine (Pinus resinos), 
the most sensitive species tested, showed significan: 
reduction of survival and height growth from eye, 
a single clipping. On the other hand, neither gy. 
vival nor height growth of white spruce (Picg, 
glauca) were significantly affected even by clipping 
for three consecutive years. White pine (Pinys 
strobus) and jack pine were intermediate in respons 
to clipping. 

Marshall, et al. (1955) also clipped planted coni. 
fers. However, they worked with well-established 
red and white pine rather than recently planted 
stock. Their simulated browsing was as severe a; 
can be imagined. In what they called moderate 
clipping every bud and one-half inch of current an- 
nual growth was removed; heavy clipping removed 
all the current annual growth; and severe clipping 
removed all current annual growth and one-half 
inch of the older growth. The white pine, growing 
on a poor site, withstood two years of moderate 
clipping and one year of heavy and severe clipping. 
The heavy and severe clipping repeated for two 
years caused excessive mortality and loss of vigor. 
This result was not unexpected because clipping of 
the current annual growth removed most of the 
needles. Red pine was planted on a better site and 
was clipped from one to four successive years. Su- 
vival, even with the most severe clipping repeated 
for four years, was not a serious problem. Growth 
was limited by the clipping in proportion to the 
number of repetitions. The authors conclude that 
established conifers can withstand very heavy 
browsing since they state “. . . that 1, 2, or even3 
years of overbrowsing may be tolerated by well es- 
tablished conifers which can then recover in growth 
rate and form.” 

These citations are not a complete catalogue of all 
references on the effect of deer browsing on the for- 
est vegetation of the Northeast and Lake States. 
Conspicuously absent are those studies based ona 
tally of number of stems browsed and unbrowsed. 
Although these are a measure of the apparent effect 
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ey are not necessarily admissible as direct 


er, th ( 
f the real effect of deer on forest vegeta- 


evidence 0 


tion. ee , ‘ 
The exclosure and clipping studies cited are act- 


ally only a reminder that calamitous changes in 
forest vegetation are not always the inevitable and 
immediate result of a high deer population. Wild- 
life managers and foresters may sometimes be too 
hasty in describing heavy browsing as overbrows- 
ing,” Since the prefix over- has a clear implication 
of damage and mismanagement, overbrowsed 
should only be used when deer cause significant de- 
terioration of the forest vegetation. 

In many forest types in the Northeast and Lake 
States, heavy browsing is allowable and perhaps 
even desirable at some stages of the forest rotation. 
Even the heaviest browsing in some types and at 
some times is not overbrowsing because there is no 
significant damage to the vegetation. However, at 
other times in the rotation even light browsing may 
be detrimental to the forest and should be consid- 
ered overbrowsing. Foresters and wildlife man- 
agers must attempt to make a true evaluation of the 
elfect of browsing on stand composition and vigor. 
Such an evaluation will depend on the forest type, 
age of the stand, species composition, stand den- 
sitv, and site, and in some cases the relative eco- 
nomic values of deer and timber. 
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USE OF A GILL NET IN TRAPPING WATERFOWL 
Calvin J. Lensink 


Department of Forestry and Conservation, Purdue University, Lafayette, Indiana 


In past years the Indians of interior Alaska sub- 
stantially augmented their summer food supply by 
the capture of waterfowl with gill nets. For this pur- 
pose the fish nets of several villagers were joined 
and strung across narrow channels or from points in 
lakes where large numbers of ducks were concen- 
trated. Moulting adults or young were then driven 
into the net in which they became helplessly en- 
tangled. Several hundred waterfowl might be taken 
ina short while in this manner. Modifications of the 
Indian’s method to avoid waterfowl drowning 
losses were tried successfully in the summers of 
1953 and 1954 during banding operations on the 
Yukon Flats while the author was employed by the 
U.S. Fish and Wildlife Service in Alaska. 

The rigging of gill netting for a waterfowl trap is 
simple. Best results were obtained when the top of 
the net was stretched at a level of about 12 to 15 
inches above the water and with the bottom of the 
net hanging loosely. The net was suspended from 
a simple A-frame at each end made by sticking two 
poles about 12 feet long into the mud of the bottom 
about 4 feet apart and then bending the outer pole 
toward the other where it was tied with the end of 


the float line, at the same time pulling the net as 
taut as possible. If there is too much sag, one or 
more additional supporting poles can be put in the 
center of the net. 

Of two mesh sizes used, 4-inch and 6-inch, the 6- 
inch mesh was superior except for very small duck- 
lings. Float and lead lines of only 1/8-inch seine 
twine were used to decrease weight and bulk. The 
light-weight line was also found to be of advantage 
in minimizing the sag in the net, and in making it 
less visible to waterfowl. No floats and only a few 
small weights were needed. 

Two men, each equipped with a small canoe, can 
drive the ducks to one end of a lake or into a bay, 
and then set the net between the ducks and open 
water. After setting the net, a small group of ducks 
may be separated from the main flock and driven 
slowly along the shore towards the net. Too much 
speed at this point causes the ducks to become rest- 
less, and they may double back or dive and so es- 
cape. Once in the vicinity of the net, the birds 
should be permitted to become calm and then be 
driven again towards net. Sooner or later, one or 
more of the ducks will rush into the net in an at- 
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tempted escape to the open water on the other side. 
This stampede of one bird is usually the signal for 
the entire group to follow. Normally about one- 
third or one-half of the group being driven can be 
caught. Because the net is not tied at the bottom, 
ducks caught beneath the water can swim with the 
net to the surface, and drowning mortality is 
avoided if they are removed from the net immedi- 
ately. Ducks that escape become wary and so 
should not be permitted to rejoin the main group on 
which the procedure can be repeated. On follow- 
ing days, however, the wariness usually subsides, 
and it is possible to work on a lake until so large a 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 21, No. 1, JANUARY 1957 


percentage of birds has been banded that it is 
longer profitable to continue. ” 
Chief advantages in this technique are the low 
manpower it requires, the high degree of portabili 
and the low cost of gear. All the net required (109 
to 200 feet ) should not weigh more than ten pounds 
or cost more than $20. Puddle ducks are most easily 
caught, and species such as scoters, (Melani, 
fusca), which are usually difficult to trap ro 
readily taken. In the few instances when ponteng 
backs ( Aythya valisineria) were included in drives 
however, they could not be caught. 
Received for publication May 2, 1956. 


A WOODCOCK SEXING TOOL! 


Leslie L. Glasgow 


Louisiana State University, School of Forestry, Baton Rouge, Louisiana 


While carrying out a woodcock banding program 
on woodcock (Philohela minor), it was possible to 
sex several hundred woodcock each winter. The 
capturing of woodcock was done at night with the 
help of many assistants often during cold, rainy, mis- 
erable weather. Sexing woodcock under these cir- 
cumstances necessitated using a method that was 
not only rapid and accurate but also one that could 
be used during adverse working conditions. 

Female woodcock can be differentiated from 
males by greater width of the three outermost pri- 
mary wing feathers (Greeley, F., “Sex and age stud- 
ies in fall-shot woodcock [Philohela minor] from 
southern Wisconsin,” J. Wildl. Mgmt., 17[1]:29-32, 
1953). This method could not be used because of 
the difficulties of measuring the ruffled, often wet, 
wing feathers at night. 

Another sex-distinguishing character of woodcock 
is the greater beak length of the female ( Mendall, 
H. L. and C. M. Aldous, “The ecology and manage- 
ment of the American woodcock,” Contr. Me. Coop. 
Wildl. Res. Unit, Orono, Me., 201pp., 1943). Al- 
though requiring care for an accurate measurement, 
beak length could be readily determined at night no 
matter how unpleasant the weather became. 

Sexing woodcock with the tool shown in the ac- 
companying illustration proved to be much easier, 
more rapid, and more accurate than the use of a 
millimeter scale. The tool was constructed from 
lucite, which is available in many plastic or hobby 
shops. The base is approximately 4 x 25 x 85 mm, 
while the upright block is 7 x 12 x 25 mm. A notch 
4 mm deep and 5 mm wide was cut in one end of the 
flat strip. A hole 5 mm in diameter and 8 mm deep 

was drilled in the block. The block was then glued 
to the base so that the bottom of the hole was ex- 
actly 66 mm from the inner edge of the notch. Any 
skillful person can fabricate this tool from plastic 
scraps that can be obtained at many hobby shops. 





1A contribution from the Louisiana State University 


School of Forestry and Agricultural Experiment Station. 


WOODCOCK SEXING TOOL 


All Dimensions in Millimeters 





Fe. 1. 


In use the tool was placed over the woodcock’s 
beak with the tip of the beak resting firmly on the 
bottom of the hole. If the feathers at the base of the 
beak were beyond the end of the tool (70 mm or 
over ), the bird was classed as a female; if the feath- 
ers were within the notch (66-70 mm), the sex was 
recorded as “unknown”; and when the feathers were 
back of the notch (66 mm or less), the bird was 
classed as a male. 

Dr. John W. Aldrich, Head, Section of Distribu- 
tion and Migration of Birds and Mammals, U.S. 
Fish and Wildlife Service checked this tool on 115 
woodcock museum specimens that had been sexed, 
presumably by internal examination and found that 
three male birds failed to conform to the sex as 
labeled on their identification tags. This is an error 
of only 2.6 per cent, which is not considered to be 
serious. 


Received for publication September 19, 1956. 
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REVIEWS 


the Deer of North America: The White-tailed, 
Mule and Black-tailed Deer, Genus OpocotLevs, 
Their History and Management. Edited by 
Walter P. Taylor. The Stackpole Company, 
Harrisburg, Pennsylvania, and The Wildlife Man- 
agement Institute, Washington, D.C. xvi+668 
pp., 34 plates, 21 figures, 2 colour plates and 
many line drawings. 1956. $12.50. 


This is one of the most recent and comprehensive 
of the monographs on North American game spon- 
gored by the Wildlife Management Institute. Dr. 
Taylor, as Chairman of the deer project, was assisted 
iy the late Aldo Leopold (succeeded by C. R. Gut- 
emuth), and by Arthur S. Einarsen and Ira N. Gab- 
‘ielson. Considering the wide interest in deer among 
sportsmen, naturalists and biologists, and the wealth 
of the literature, their task must have at first seemed 
awesome. 

The editor wisely chose the functional approach, 
based on the description, life history, and manage- 
ment of the three “species” of deer. He assigned the 
main topics to sixteen authors, each a specialist in 
his particular field. The result is the most authori- 
tative summary of our present knowledge of these 
animals that has yet appeared. 

Dr. Taylor has forestalled possible criticism by 
admitting that he “has little hope that the ‘pitfalls of 
multi-authored texts: duplication, unequal treat- 
ment of different subjects and conflicting philoso- 
phy.... have been avoided in this book.” He 
thinks that inconsistencies in the text are the inevi- 
table effect of the shortcomings of our present 
knowledge. He asks his readers to point out omis- 
sions in the information, and I shall try to fill in 
afew gaps in this review. 

Stanley P. Young shows his usual facility with the 
historical literature in his chapter: The Deer, the 
Indians, and the American Pioneers. Probably many 
will be amused to learn that deer skins were used for 
currency in paying the salary of the governor of the 
abortive State of Franklin (1,000 per year). Mr. 
Young presents a great deal of evidence to show that 
deer declined in numbers as a result of excessive 
market hunting in pioneer times. 

The general characteristics, measurements and 
distribution of the 30 subspecies of white-tailed 
deer are outlined by Remington Kellogg in his chap- 
ter: What and Where are the Whitetails? Unfortu- 
nately, the distribution map lags behind the spread 
of the northern subspecies. Whitetails now oceur 
along the shore of the Gulf of St. Lawrence beyond 
the Saguenay River. There are large populations in 
the Gaspé Peninsula, Quebec, an estimated pop- 
ulation of 40,000 occurs on Anticosti Island, and a 
dense population on Cape Breton Island as well. 
This species also ranges considerably farther north 
in Manitoba and Saskatchewan than indicated in the 
map. 


Severinghaus and Cheatum are the authors of the 
Life and Times of the White-tailed Deer. They 
document precisely each facet of the life history and 
each factor in the population dynamics of the white- 
tail. Their use of literature references as late as 
1955 will be welcomed by many readers. Altogether 
this chapter contains a wealth of factual informa- 
tion for the game biologist. 

Neil Hosley in his chapter on Management of the 
White-tailed Deer in its Environment, traces the 
history of deer population fluctuations and the de- 
velopment of management practices across the con- 
tinent. He gives a good review of present manage- 
ment methods including census and range manage- 
ment; and concludes that good silvicultural and for- 
estry practices mean good deer range as well. 

Cowan’s and Clarke’s estimates of white-tailed 
deer populations for Canada must be considered 
“guesstimates.” Cowan estimates less than 1,000 
whitetails in Alberta and Manitoba, neglecting to 
mention Saskatchewan. The annual reports of the 
Manitoba Department of Mines and Natural Re- 
sources indicate recent hunter kills of between 20,- 
000 and 30,000 deer. Using Lauckhart’s formula of 
1:10, this would indicate a herd of about 250,000 
deer. Similarly, Symington and Benson (White- 
tailed Deer in Saskatchewan. 1956 [?]. Saskatche- 
wan Dept. of Natural Resources, Regina, 17pp.), 
have recently estimated the Saskatchewan deer herd 
to be at least 800,000 animals. Figures are not 
readily available for Alberta, but whitetails are not 
uncommon in the parklands and river bottoms of 
the eastern part of the province. Quebec game au- 
thorities believe that Clarke’s estimate of 500,000 for 
their province is too high. They think 150,000 
would be more accurate. No estimate was made for 
Nova Scotia, yet that province has accurate kill fig- 
ures under a compulsory return system. The kill in 
1951 was reported to be 42,343, suggesting a popu- 
lation of 400,000 or more. 

The chapter on Hunting the Whitetail by Harry 
D. Ruhl will be of great interest to sportsmen. The 
value of the deer herd in two states has been calcu- 
lated to be a billion dollars, based upon the amount 
sportsmen spend annually. Deer hunters in the 
United States and Canada paid out $11,350,000 in 
license fees in 1949. Mr. Ruhl, however, points out 
that the intangible value in recreation and enjoy- 
ment cannot be measured. This chapter contains a 
colourful defense of “dogging” by C. H. D. Clarke 
which alone is practically worth the cost of the 
book. 

The eleven subspecies of mule and black-tailed 
deer are described in I. McT. Cowan’s chapter: 
What and Where are the Mule and Black-tailed 
Deer? Again the range map for this species omits 
large areas of mule deer range in the Liard Valley, 
N.W.T., central Saskatchewan and northern Mani- 
toba. 
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Arthur S. Einarsen writes of The Life History of 
the Mule Deer in colourful style largely based upon 
his own observations. Forage, Food Habits, and 
Range Management of the Mule Deer are described 
by Ralph R. Hill in broad terms. 

In Productivity—The Annual Crop of the Mule 
Deer, W. Leslie Robinette used literature refer- 
ences as late as 1955. He presents a clear argument 
for doe seasons in his calculations of net increase for 
states with a buck law. 

Methods of Estimating Numbers of Mule Deer 
are outlined by Randal McCain and Walter P. Tay- 
lor in a good review of current techniques. This 
chapter leads into the next on The Management of 
Mule Deer by Gilbert N. Hunter and Lee E. Yeager. 
The authors mentioned the role of predation and 
predator control in deer herd management. 

Of special interest to western sportsmen is the 
chapter on Hunting Mule Deer by John W. Spencer. 
The author writes freely from experience of the 
hunt, equipment and arms. 

The final chapter, on The Life and Times of the 
Coast Black-tailed Deer by Ian McT. Cowan, is 
one of the major contributions of the book. It con- 
tains the best account of the life history, behaviour, 
pathology and management of this incipient species 
that has yet appeared. It is based largely upon 
Cowan’s own investigations. 

The two grand colour plates of white-tail and 
mule deer bucks by Walter A. Weber and the num- 
erous drawings by Wallace Hughes indicate consid- 
erable insight into the ways and life of the deer. The 
text closes with 32 pages of references. 

As forecast by the editor, there are repetitions and 
contradictions. The fact that female fawn white- 
tails may breed in their first autumn is reported 
three times in the first 100 pages. One author de- 
scribed how the doe eats the placenta while another 
states that at calving time placenta are available for 
predators. Other important points, such as the ap- 
parent replacement of mule deer by white-tails in 
some regions, are barely mentioned. I found few 
typographical errors. Hunters are criticized “who 
hoot first and look afterwards.” However, this 
sounds reasonable uncorrected. 

These small shortcomings do not detract greatly 
from the work as a whole. The editor and authors 
are to be congratulated on producing a monograph 
that will be an important source book for game ad- 
ministrators, biologists, and sportsmen for many 
years.—A. W. F. BANFIELD. ° 


The Flamingos: Their life history and survival, 
with special reference to the American or West 
Indian Flamingo (PHOENICOPTERUS RUBER). By 
Robert Porter Allen. Research Report No. 5 of 
the National Audubon Society, New York. xv+ 
285pp., 15 plates and 49 figures. 1956. $3.95. 


This important book culminates Allen’s three-year 
study of the life history and ecology of the flamin- 
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gos. They include three genera and six 


o ; ; Species, 
addition to making an exhaustive review of the 


erature of this endangered bird, 
days in the field observing the West Indian fh; 


Allen spent 299 


mingo, particularly in its last stronghold on the B 
hamas. An introduction and five chapters describe 
Distribution and Migration; Numbers; Food Habis 
and Ecology; Breeding Cycle; and Conservation, 

Of the six species, the lesser flamingo of South 
Africa is by far the most numerous, with estimates 
ranging as high as 5 million. The single sr0 
Lake Nakura in Kenya of over a million flaming 
is one of the great ornithological spectacles of the 
world. Somewhat less abundant is the greater fj. 
mingo, now greatly reduced from Roman days when 
flamingo tongue was an epicure’s delight frequenth 
served at Roman banquets. Three species oceyr jp 
southern South America. Of these, the James fh. 
mingo remains an enigma. No nesting colony j 
known nor are there recent sight records. It is the 
West Indian flamingo, however, about which Alle: 
is most concerned. Never numerous, Allen estimate 
there are now a mere 21,500. Their status is critics) 
since two-thirds of these birds nest on a single i. 
land in the Bahamas. There are only 10 know, 
nesting sites for the entire species. Of these, 5 ay 
in Yucatan, 4 in the Bahamas and one in the Dutch 
West Indies. 

Although we generally think of flamingos x 
tropical birds, the South American flamingos neg 
as high as 15,000 feet in the Andes. The greater 
flamingo occurs north of the Caspian Sea and ip 
both France and Spain. 

Only the West Indian flamingo is restricted ty 
truly tropical climate. However, its home is not the 
verdant tropics so often supposed. Instead it seeks 
out desolate and remote salty lagoons during nes. 
ing. This is true of the other flamingos as well. Few 
other animals intrude on this formidable habitat 
Ornithologists were long puzzled as to how such 
tremendous flocks could survive where food seemed 
so scarce. Mollusks and marine worms may at time 
be an important item in their diet. But Allen be. 
lieves the highly organic mud that flamingos eat 
may explain why they can live in such desolate, life- 
less areas. Some samples of mud from the Bahamas 
ran as high as 91 per cent organic material. Bac 
teria, algae, diatoms, and protozoa were abundant 
in these samples and flourished in the highly saline 
waters. The flamingo, with its articulated uppe 
mandible and thick tongue, has a highly specialized 
feeding apparatus. Apparently it alone among birds 
is adapted to draw sufficient nourishment from 
these brackish waters to live there. 

Flamingos must be among the most socially toler- 
ant of birds, for they nest in huge colonies. Alles 
estimated the average colony to be about 2,00 
breeding pairs, but on the west coast of India, there 


_ are over 100,000 active nest mounds in a single 


colony. Each pair of birds had slightly less than one 
square yard of space. 
The chapter on Breeding Cycle is disappointing 





This is 
Flaming 
disturbe 
within 0 
tinue’ 
ony to s 
some ve 
as Allen 
with inc 
records. 
turbance 
has beet 
Allen 
nificance 
No mo 
the flan 
mingos 
limited 
no publ 
Allen 
sential { 
colonies 
smaller 
leah flo 
annual 
Yucatat 
breedin 
this dif! 
of ever 
duction 
rear th 
start a 
flamins 
greater 
In tl 
plan. * 
ence of 
these : 
over. | 
elsewh 
Strict 
losses. 
laws al 
of nest 
A sece 
no bat 
war S] 
nately 
There 
on the 
legisla 
But 
structi 
less, 
waste: 
Now 
em F 
of the 
ranea 
It 
rallyis 
Indie 








Species, h 
W Of the lit. 
1 Spent 999 
Indian 
| on the Ba. 
TS describy. 
‘ood Habits 
"Tvation, 
50 Of South 
h estimates 
€ gToup on 
n flamingo, 
cles of the 
greater fl.. 
days when 
frequently 
€S Occur jn 
James fl. 
| Colony ji 
3. It is the 
y hich Allen 
nN estimates 
3 iS Critical 
single js. 
10 known 
nese, 5 are 
the Dutch 


mingos a 
ingos hest 
he greater 
ea and in 


stricted ty 
is not the 
dit seeks 
ring nett: 
vell. Fey 
e habitat 
how such 
id seemed 
y at times 
Allen be- 
ingos eat 
late, life. 
Bahamas 
ial. Bac. 
abundant 
aly saline 
2d upper 
ecialized 
ong birds 
ent from 


lly toler- 
s. Allen 
ut 2,000 
lia, there 
a single 
than one 


rointing. 








REVIEWS 


This is more the fault of the bird than the observer. 
Flamingos breed in inaccessible areas and are easily 
disturbed. Observation blinds can rarely be placed 
thin two hundred yards of the nearest birds. Con- 
a ed disturbance is likely to cause the entire col- 
= top nesting for the season. Hence, despite 
ome very fine studies in France and India, as well 
as Allen’s, there has never been a modern nest study 
with individually marked birds and complete nest 
records. Where such has been attempted, the dis- 
turbance and resultant mortality to eggs and chicks 
has been higher than warranted. 

Allen says little about territorialism or the sig- 
nificance of display and calls in breeding behavior. 
\jo modern bird behaviorist appears to have studied 
the flamingo. The flock of some 750 captive fla- 
mingos at Hialeah Race Track in Miami offers un- 
limited possibilities in this field. To date there are 
no published studies of this nesting colony. 

Allen believes a minimum-size nesting flock is es- 
gatial to efficient reproduction. True, most active 
colonies have more than 1,000 nest mounds. But 
gnaller colonies do maintain themselves. The Hia- 
leah flock raises about 0.25 young per breeding pair 
annually. In contrast, a flock of 4,000 breeders in 
Yucatan produced on the average 0.80 young per 
breeding pair. If social behavior is at the root of 
this difference, a study of the Hialeah flock becomes 
of even greater importance. Does its slow repro- 
duction come from failure to pair, to lay eggs, or to 
rear the young? If large numbers are needed to 
start a new breeding colony, the task of restoring 
flamingos to former habitat becomes very much 


ony to s 


greater. 

In the final chapter Allen draws a management 
plan. Today, three major factors threaten the exist- 
ence of the West Indian flamingo. To a lesser extent 
these same factors apply to flamingos the world 
over. The half-starved native of the Bahamas and 
esewhere still leoks on eggs and birds as food. 
Strict enforcement can measurably reduce these 
losses. But a rise in standard of living can do what 
laws alone can never do. Only the extreme isolation 
of nesting colonies has prevented their annihilation. 
A second threat is today’s airplane, which respects 
no barriers. Their greatly increased use during the 
war spelled doom to many nesting colonies. Fortu- 
nately, several governments recognize this danger. 
There are now air reservations over nesting colonies 
on the Bahamas and the Dutch West Indies. Similar 
legislation must follow elsewhere. 

But probably most important is the steady de- 
struction of flamingo habitat. Once thought worth- 
less, commercial interests now eye these saline 
wastes. Oil exploration has destroyed one colony. 
Now drainage of the famous Camargue in south- 
em France for rice cultivation may spell the doom 
of the last remaining breeding site on the Mediter- 
ranean. 

It is encouraging that conservation groups are 
rallying to the cause, notably in the Dutch West 
Indies, Bahamas and France. However, it will take 
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strong concerted action from conservationists to 
arouse governments to recognize the plight of fla- 
mingos. The government of the Dutch West Indies 
already values their spectacular flamingo flocks as 
a potentially great tourist attraction. It has not only 
taken effective measures to protect the birds, but 
has encouraged guided visits to the colonies. 

Conservationists owe much to the National Audu- 
bon Society for making this important study; it 
provides information necessary for a sound manage- 
ment. The study is comprehensive enough so that 
Allen’s conclusions can be applied to flamingos 
throughout the world. 

This is the fifth report by the Audubon Society 
of intensive research on rare or vanishing species. 
Previous ones have covered the ivory-billed wood- 
pecker, roseate spoonbill, whooping crane, and Cali- 
fornia condor; the last-mentioned gained Carl B. 
Koford the Wildlife Society's 1954 Terrestrial Pub- 
lication Award. “The Flamingos” is 8 in. by 10 1/2 
in. in size with double columns printed on fine- 
quality paper, and with virtually no typographical 
errors. The National Audubon Society is to be 
commended for keeping the identical size, format, 
and over-all high standards of publication in all 
five of its research reports spread over a 15-year 
period. The frontispiece by Roger Tory Peterson 
has fine colored portraits of the 6 species of fla- 
mingos. Unfortunately, the four colored photo- 
graphs of flamingos in their native habitat repro- 
duced poorly. In contrast, the fine black and 
white photographs and sketches by the author add 
tremendously to the interest of the book. Allen, 
the National Audubon Society’s Research Director, 
was well qualified to study the flamingo. His pre- 
vious studies of the roseate spoonbill and whoop- 
ing crane made him familiar with the ecology of 
tropical marshlands. In addition, his fine sense of 
humor and vivid writing make this book enjoyable 
reading. This fine book should go a long way to 
alert the world about the endangered flamingo.— 
ALLEN W. STOKEs. 


The gray squirrel in West Virginia. By Hans G. Uh- 
lig. Bulletin No. 3, Division of Game Manage- 
ment, Conservation Commission of West Vir- 
ginia, Charleston, xii+83pp., illus. 1956. 


It is especially appropriate that the Mountain 
State should have supported extensive studies of the 
gray squirrel and that they should issue this timely 
report to their legion of hunters. A season kill may 
be as many as one and a half million squirrels, and 
the species is the state’s number-one game animal. 

Uhlig and his cooperators gathered their informa- 
tion by extensive surveys beginning in 1949. They 
checked hunting pressure and kill on seven state for- 
ests and refuges in the course of which some 23,000 
hunters were interviewed and 17,500 squirrels ex- 
amined. More intensive trapping and _ biological 
studies were carried out on Seneca State Forest and 
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various woodlots. While basic information was not 
neglected, the primary aim of the work was to es- 
tablish a fund of practical knowledge on which 
year-to-year management could be based. 

In the early part of this century, changes in for- 
est habitat were against the squirrels. Indiscrimi- 
nate cutting and burning and the appearance of 
chestnut blight in 1911 greatly reduced the big 
timber stands and heavy mast yields of primitive 
times. Available evidence indicates that gray squir- 
rel populations declined by more than half between 
1930 and 1950. Better management of both timber 
and game improves the outlook for the future. 

One of the best contributions of this work is the 
appraisal of hunting effects and possibilities. On 
state forests in six fall seasons the estimated kill var- 
ied from 9 to 19 per cent and averaged 13 per cent 
of the population. In smaller woodlots kills ran as 
high as 36 per cent. As a state-wide average, hunt- 
ers took slightly less than one squirrel per trip—a 
level of success that required a density of about 47 
squirrels per 100 acres. Densities as low as 30 per 
100 acres spelled poor hunting. The highest season 
kill was in a forest area that produced 189 squirrels 
per 1,000 acres. 

From 65 to 75 per cent of all squirrels killed are 
taken during the first week of the 4-week season. 
During the last week less than 5 per cent are killed. 
Since most of the harvest occurs in the first two 
weeks of shooting, season length is of little impor- 
tance. West Virginia squirrels are largely under- 
harvested, and a slight increase of the 4-per-day bag 
limit is indicated. 

Uhlig takes the sound viewpoint that the squirrel 
season should be opened when the maximum popu- 
lation becomes available. In West Virginia this is 
after October 15. On that date approximately 20 
per cent more animals are available than on October 
1. This critical 2-week period permits the late-sum- 
mer young to attain their independence and avoids 
a heavy loss of young animals that would be or- 
phaned by early shooting. In 1954, with an October 
1 opening, it was estimated that at least 300,000 
squirrels were lost because of the shooting of lactat- 
ing females. Such information might well be used 
by states that still permit the old, frontier pattern 
of August and September squirrel hunting. 


This investigation throws further light on the 
population mechanics of the gray squirrel. Ordinar- 
ily, from a half to three-fourths of the kill is com- 
posed of young squirrels. There are two mating 
peaks, in the last half of January and the first half 
of June, respectively. The bulk of the litters is pro- 
duced in March and July. A severe winter or a food 
shortage may greatly reduce spring litters, but sum- 
mer production is much more reliable. In average 
years about 20 to 30 per cent of the females bear 
two litters, and this proportion increases in years of 
food abundance. 

A new finding of this work was that some young 
females of early spring litters actually breed in late 
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summer of the same year. The stud 
the great importance of summer pro 
hunting. Animals born in summer averaged my, 

than half of the juveniles killed. The average : 
60 litters was 2.52 young per litter. This report “ 
presents new facts on the nest-building habits of th 
gray squirrel. . 


Y also showed 
duction to fal 


Hickory and hazelnut are primary food species f 
squirrels in West Virginia. Hence forest mana " 
ment should include the leaving of 3 or 4 _ 
hickory trees per acre, in a mixed stand, with « 
good understory of small trees and shrubs, At leas 
2 or 3 den trees per acre should be preserved, 

The bulletin is well illustrated with Photographs 
and sketches. A few rather obvious grammatical er- 
rors should be eliminated in a second printing. Gen. 
erally, it is an excellent job for the intended Purpose 
being concise, well-organized, and with emphasis o, 
the things hunters should know. Throughout thes: 
pages the knowing reader recognizes the results of 
sustained hard work, good training, and enlightened 
direction. The West Virginia Conservation Cop. 
mission is to be commended highly on their support 
of the squirrel investigations over a period of 6 year 
and for bringing out this useful report of progress, 

As a general commentary, the reviewer hazards , 
regretful guess that the men who did this wok 
might have been better off economically if they had 
never invested in advanced training and, instead 
had developed skills in the arts of carpentry, plumb. 
ing, or house-painting.—Durwarp L. ALLEN, 


Travels and Traditions of Waterfowl. By H. Albert 
Hochbaum. University of Minnesota Press, Min- 
neapolis. xiv + 301 pp. 1956. $5.00. 


“This is a story of the travels of waterfowl. Many 
discussions of bird passage begin with migration, 
but I choose to speak first of the flights of ducks and 
geese on their home range. The wider journeys are 
not to be understood, I believe, without an exan- 
ination first of the patterns of local behavior. Part 
I of this book is therefore an analysis of the move- 
ments of waterfowl on their home range on the 
Delta Marsh in southern Manitoba.” So the director 
of the Delta Waterfowl Research Station prefaces 
his newest contribution to our understanding of 
North American waterfowl. Drawing heavily on his 
intimate knowledge of waterfowl at Delta and in- 
tegrating it thoroughly with the mass of published 
data, the author leads us through successive chap- 
ters on patterns of local movement, learned response 
to the environment, the visual world (as a bird prob- 
ably sees it), the function of memory, the aerial 
environment, and awareness of time and space. 

Part II, consisting of nine chapters, concerns mi- 
gration. The physiologic cycle, the stimuli respon- 
sible for triggering migrations, and the geographic 
routes of migration are mentioned but briefly, with 
the bulk of the section dealing with the mechanics 
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- which the birds go south and subsequently re- 

b north. The influences of air-mass movements 

 mmidcontinent, generally southeastward in fall 

a northwestward in spring ) on mass movements 
“* waterfowl are discussed at some length. In Hoch- 
seam’ words (p. 148), . a in travel from the 
breeding range to the wintering grounds, some or 
many ducks undoubtedly follow vagrant movements 
before or between the mass fall migrations. Vast 
segments of the population move directly and swift- 
ly over long distances in mass fall migration, and 
probably all adult birds and most young waterfowl 
participate in at least one mass passage during the 
course of the autumn. But the random travel of the 
young birds (with an ecological and meteorological 
bias toward the south in autumn ) and the vagran- 
cies of adults are variables of autumn that are not 
found in spring.” The return north is considered 
movement homeward by experienced birds, with the 
female of paired ducks leading her mate to her natal 
area. 

The perceptual world of a bird (and a man) at 
various altitudes is examined, with the evident con- 
clusion that at the normal flight altitudes of water- 
fowl in passage relatively few landmarks would suf- 
fice to mark a journey of many hundreds of miles. 
The recent work of Matthews (G.V.T. Matthews, 
1955, Bird Navigation, Cambridge University 
Press) and others on the possible use of the sun as 
a ‘navigational aid’ is also discussed. A brief chap- 
ter concerns magnetic and radio fields, with the con- 
clusion that “In the light of current knowledge, how- 
ever, any electrostatic sensitivity in birds appears 
to be no more useful to regional orientation than 
sound waves from a shotgun, to which they respond 
ina similar manner” (p. 191). In Part II, the con- 
dusions reached apply specifically to waterfowl, 
and the reader would do well to heed the author’s 
advice against extrapolating gratuitously to other 
species. 


Part III, Traditions of Waterfowl, contains four 
chapters: biological traditions, building new tradi- 
tions, tradition and racial isolation, and broken tra- 
ditions (extinction or extirpation). Tradition is de- 
fined as “...a proper biological term of special 
reference to behavior that is delivered by ancestors 
to progeny nongenetically” (p.221). In discussing 
racial isolation, the author points out that genetic 
homogeneity may result from the pairing of ducks 
on the wintering grounds where males from widely 
scattered breeding areas are available in a relatively 
restricted area (witness the North American game 
ducks among which subspecific variation is at the 
present time extremely limited); conversely, the 
traditional ties that bind a bird to its geographic 
homeland may provide the isolation necessary for 
morphologic variation (as among Canada Geese 
with perhaps 12 subspecies ). 

A bibliography, a section on nomenclature of 


birds, another on acknowledgments, and indices of 
authorities and subjects conclude the volume. 


Part I of the book reads much like Hochbaum’s 
earlier The Canvasback on a Prairie Marsh (1944, 
American Wildlife Institute, Washington), with 
much of the author’s personal experience plainly in 
view. In subsequent chapters, his extensive use of 
published material (nearly 500 titles), and his 
analyses of newly proposed ideas flow less smoothly. 
The unlabeled summaries at the end of each chapter 
are a marked convenience, and are especially well 
done. The abundant sketches throughout provide a 
personal touch with one of the great waterfowl 
areas of America. The book is attractively bound 
and well printed, with a minimum of typographical 
errors (the reviewer noted only one). I can com- 
mend it to anyone seriously interested in waterfowl, 
be he hunter, watcher, biologist, or administrator.— 
Joun L. BucKLEY. 


A Complete Book of the Wild Turkey. By Roger M. 
Latham. The Stackpole Company, Telegraph 
Press Building, Harrisburg, Pennsylvania. 
265pp., illus. 1955. $4.95. 


This book, prefaced by Seth Gordon and written 
primarily for use by turkey hunters, will be wel- 
comed by sportsmen and wildlife technicians alike. 
The story of the restoration of the wild turkey in 
Pennsylvania is told, and reference is made to distri- 
bution and life history of the bird in North America. 
Information portrayed will prove of more value to 
hunters and game managers in the East and North 
than in the West and Southwest. Information on 
life history will be found to be valid in most sections 
of the turkey range. 


The author describes methods of differentiating 
between domestic and wild birds. Sex determina- 
tion is well illustrated, and life-history character- 
istics are cited. The first part of the book deals 
with the wild turkey itself and includes general 
description, life history and habits, habitat require- 
ments and predation. Management is treated on a 
more or less national scope in section 2. The third 
section deals with necessary equipment for wild 
turkey hunting and describes in detail how to con- 
struct callers of several kinds. Pointers are given 
on turkey hunting methods, with particular em- 
phasis on using the different types of turkey yelpers 
and callers. Firearms used in taking turkeys are 
discussed, and the author’s preferences are indi- 
cated. Pointers on field dressing and cooking the 
wild turkey are included. 

The author makes a down-to-earth evaluation of 
the place of predation in game management, point- 
ing out the fact that there is a normal wildlife sur- 
plus created each year and that if this surplus is not 
taken by hunting, it will be used by predators or re- 
moved in some other manner. Predator control is 
discussed at some length. 


“Many attempts have been made to determine the 
value of predator control for different game species. 
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So far, almost all of these demonstrations have failed 
for one or two reasons. The first is that it is almost 
impossible to control predators over a large area 
with a reasonable amount of manpower and money. 
And the second reason is that it has been proved 
again and again that a substantial reduction of 
predators does not necessarily mean reduced preda- 
tor pressure!” To illustrate the difficulty in control- 
ling predators, the author cites records from his own 
state of Pennsylvania. “In spite of a constant high 
bounty on foxes in Pennsylvania since 1915, there 
are as many or more today than formerly. As many 
as fifty thousand foxes may be bountied in a single 
year, but this is probably only 30 per cent to 40 per 
cent of the total foxes in the State. With litters of 
from 5 to 9, or even more, recovery is very rapid.” 

The experiences of the state of Pennsylvania in 
developing a wild game-farm turkey are explained 
in detail. Concurrent with this brood-stock im- 
provement, the author reports that forests in north- 
ern Pennsylvania moved out of the pole stage into 
a mature forest situation, resulting in the addition 
of large areas of suitable turkey habitat to the turkey 
range in the state. “With birds reared on this single 
turkey farm, this state was able to extend the range 
of the turkey from 3 million to 13 million acres in a 
little over ten years.” 

Even so, stocking with pen-reared birds is dis- 
couraged, particularly after a nucleus of wild birds 
have become established. Dangers of introductions 
of diseases into wild flocks by pen-reared birds is 
pointed out, and lists of known diseases and para- 
sites are presented. 

Methods and grains used in emergency and sup- 
plemental feeding are discussed and the machinery 
to furnish emergency feed is recommended. Yellow 
ear corn is recommended as the best feed to use in 
northern areas where deep snows occur. The value 
of favorable patterns of openings in forested turkey 
range is emphasized. 

Turkey hunters will find the illustrations and 
specifications for making turkey callers of extreme 
interest. Those discussed include variations of the 
box, wing bone and diaphragm callers. Pointers 
rendered concerning actual mechanics of turkey 
hunting reflect intimate knowledge of the author 
with the wild turkey. 

The whole tone of the book is enlivened by the 
interjection of personal experiences of the author. 
The writing style is sufficiently pleasing to hold the 
reader's attention. Most turkey hunters will ap- 
preciate this publication, and game managers in the 
North and East will no doubt find it of considerable 
value.—EUGENE A. WALKER. 


Aquatic Insects of California. Edited by Robert L. 
Usinger. University of California Press, Berkeley, 
California, 1956. 508pp. $10.00. 


The limnologist working with the fauna of west- 
ern North America has in the past been seriously 
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handicapped by the lack of synoptic studies yy 

which to identify aquatic insects. Workers — 
eastern part of the country have until now been j ; 
much more fortunate position in this regard Wit 
the appearance of this book by Dr. Usinger and bi 
15 collaborators the West Coast researcher now h; 

at his disposal a fine synopsis of the genera er 
species of aquatic insects occurring in California and 
several neighboring states, together with gener 
keys which will be useful over all of North Americ 
The number of aquatic insects occurring in th 
West is large, but until now our knowledge of ihe 
material has been scattered through a Voluminoys 
literature and practically inaccessible to a Person 
who was not a specialist in some aquatic group, 


This book contains an amazing amount of infg. 
mation. Its 508pp. are 8 1/2 by 11 in., in double 
column, and equal from 1,200 to 1,500 Pages of 
conventional single-column book. The styling and 
planning of the entire book are excellent, the op 
disappointment being the poor reproduction ob. 
tained on some of the borrowed illustrations, j; 
should be noted, however, that only poor COpy was 
available for many of these. Sixteen authors haye 
contributed chapters. In this review, authors of 
specific sections are indicated in parentheses, 

Introductory chapters contain (1) an outline of 
much useful general information including ecological 
aquatic communities in California, an outline of 
many of the ecological principles governing aquatic 
insects, outlines of mosquito and gnat control, and 
important aspects of stream and lake management 
(R. L. Usinger); (2) a description of collecting 
and study techniques with special reference to 
aquatic insects (J. D. Lattin); and (d) a brief mor. 
phological outline and key to the orders of aquatic 
insects (W. C. Bentinck). Much of this introduc. 
tory material will seem elementary to a limnologist 
but will be useful to a person not trained in that 
field. 

The principal portion of the book consists of tax- 
onomic treatments of the aquatic members of 13 in- 
sect orders. For each there are excellent accounts of 
the biology of the group and wherever possible keys 
have been provided to the Nearctic genera of adults 
nymphs, larvae, and pupae, and to the species oc- 
curring in California. 

The chapters on aquatic Collembola (D. B. 
Scott), Orthoptera (I. LaRivers), Neuroptera (H. 
P. Chandler ), and Hymenoptera (K. S. Hagen) en- 
brace only small scattered groups of species, and 
these chapters will be of interest chiefly to the lim- 
nologist interested in identifying all members of 
aquatic communities. The small chapter on aquatic 
Hymenoptera contains no taxonomic material but 
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brings together accounts of the peculiar habits of 
these intriguing forms. The chapters on Megalop- 
tera (H. P. Chandler) and aquatic Lepidoptera (W. 
H. Lange, Jr.) are also small but contain much 
original and welcome information on the taxonomy 
and biology of the two groups. 
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REVIEWS 


The large bulk of the book treats the entirely 
wyatic orders Ephemeroptera (W. C. Day), Odo- 
- (R. F. Smith and A. E. Pritchard), Plecoptera 
a Jewett, Jr.), and Trichoptera (D. G. Den- 
>), plus the aquatic families or genera of the 
Hemiptera (R. L. Usinger), Coleoptera (H. B. 
Leech and H. P. Chandler), and Diptera (W. W. 
Wirth and Alan Stone). For the Tipulidae and a 
few small families in this last chapter the California 
species are listed but not keyed. The chapter is 
vevertheless the largest in the book. In each group 
California has a large and varied fauna, hence these 
counts come close to completeness also for the 
species of several other western states. 
| The book is well illustrated, with outstanding 
riginals especially in the Odonata and Hemiptera, 
j ends with a helpful glossary (W. C. Bentinck) 


{ 


and e 
and index. 

The authors and the University of California Press 
deserve congratulations for producing this fine 
hook indispensable to all interested in aquatics and 
of great interest to all with a proclivity for studying 
the natural history of insects.—H. H. Ross, Illinois 
Natural History Survey, Urbana, Illinois. 


The Geography, Birds, and Mammals of the Perry 
River System. By Harold C. Hanson, Paul Que- 
neau, and Peter Scott. The Arctic Institute of 
North America, Special Publication No. 3, 96pp. 
1956. 


This attractive bulletin is based on the survey of 
the Perry River region made by the authors from 
June 6 through August 2, 1949. A more personal 
account of the expedition has been given by Scott in 
the book, Wild Geese and Eskimos, published by 
Country Life in 1951. In the present report, the 
authors devote 16 pages to the geography of this lit- 
tle-known region, 53 pages to the 47 species and 
subspecies of birds they observed, 7 pages to the 6 
kinds of mammals they encountered, and the rest 
of the bulletin to miscellaneous matters such as the 
Eskimo, rock specimens, and observations on fish 
and insects. The publication is admirably illustrated 
by four maps, one chart, 30 photographs, and 4 of 
Scott’s drawings. The observations are presented in 
a conventional species-by-species framework with 
separate subsections frequently set up for distribu- 
tion, behavior, nesting habits, populations, sex 
ratios, productivity, food habits, parasites, and 
banding recoveries. The authors’ report on their 
material might have gained something from the use 
of biometrical categories, but it is generally ade- 
quate to the challenging field conditions they en- 
countered, Although a technical publication, this one 
lacks a summary—a defect that curiously persists in 
virtually all faunal and taxonomic papers of today. 

Waterfowl managers will be attracted to the ac- 
counts of waterfowl that take up one-third of this 
bulletin. Twelve pages, devoted to Ross’s goose, 


111 


constitute an important contribution to our know- 
ledge of this species. Blaauw’s (1903) description 
of color phases among broods of this bird is con- 
firmed. Average brood size at one week or less in 
age was found to be 2.9. (The authors suspect that 
the lateness of spring in 1949 may have depressed 
clutch size generally in this region.) The main col- 
ony of Ross’s geese found by Angus Gavin in 1940 
was abandoned at the time of the authors’ visit. Ad- 
ditional colonies were discovered, the known breed- 
ing range extended, nest predation by gulls proved 
to be low, and the colonial nesting behavior of the 
species was confirmed. The kill by Eskimos is be- 
lieved by these authors to be of secondary import- 
ance to the survival of Ross’s goose; weather is 
thought to have considerable influence upon varia- 
tions in annual productivity. A fluoroscopic exam- 
ination of nine adult birds disclosed three to be 
carrying body shot, apparently as the result of ex- 
posure to hunting pressure by white men. The total 
numbers of this species seen in the Perry River area 
in 1949 was around 1,950. 

Thus the rarity of the Ross’s goose continues to 
make it one of the most pressing conservation prob- 
lems in North America today. Hanson, Queneau, 
and Scott certainly do much to clear up the myster- 
ies surrounding this little-known species, and their 
report on this and the other animals is a valuable 
one. Their bulletin has been capably edited by Di- 
ana Rowley, and published in an attractive form by 
the Arctic Institute. Although primarily an avi- 
faunal work, this terse publication contains much 
that is of interest to ecologists, particularly those 
concerned with waterfowl.—JosepH J. Hickey. 


Der Waidgerechte Jéger. By Herman Schulze. 
Pub. Paul Parey, Hamburg and Berlin. 13th 
Edition, 132pp.; 88 illustrations. 1955. 


In recent years new editions of German texts on 
wildlife management have appeared. All are altered 
somewhat in content because of new discoveries and 
changing conditions and attitudes. “The Sport-wise 
Hunter” (inadequately translated for lack of precise 
equivalents) has always been a handbook of the 
things a hunter has to know if he aspires to be classi- 
fied as a “Sportsman,” again inadequately rendered, 
rather than as a mere hunter. The book has now 
acquired an importance it never had before because 
the new West German Hunting Law, which became 
effective on April 1, 1953, provides, for the first 
time, for a hunting license dependent on an exam- 
ination. The hunter must show a satisfactory know- 
ledge of all the shootable animals, including identi- 
fication, basic life history, sexing and aging, track- 
ing, traditional terminology, and trophies. He must 
also show that he can handle firearms and take 
proper care of the game he has killed; and he must 
know his game law. Put in our terms, the man who 
doesn’t know a red-tailed hawk from a goshawk, or 
can’t gut a deer properly, cannot get a license. The 
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old manual now becomes a textbook on which the 
examiner's questions may be based, and one suspects 
that many a young lad will learn it by heart. It is 
a very nice little textbook, with italics like the wag 
of a teacher’s finger. 

The author throws in chapters on conservation, 
and on the training and handling of dogs, because 
he says, the hunter is still not “waidgerechte” unless 
he is well posted on these matters, even if the law 
still permits him to get a license. 

The conservation part includes bits on how to 
select the type of animals to be shot, wildlife dis- 
eases, feeding and coverts, prevention of game dam- 
age, protection from predators (with a stern re- 
minder of ungualified responsibility to conform to 
the ethics of nature protection), protection from 
poachers or “game thieves,” and finally, the Mani- 
fest or Code of Ethics of the German Hunters’ As- 
sociation. If they all live up to it, one would surely 
enjoy shooting with them. However, one recalls that 
there was a serpent in Eden, and not all the Ger- 
mans who have hunted on this side of the Atlantic 
have been “waidgerechte.” One suspects that the 
purpose of the new law is to try to force steps to- 
wards perfection that were never taken voluntarily. 
The “Code” is an essay in itself, but apparently both 
practical sportsmanship and game management are 
most securely established when they form part of a 
ritual that may also embrace, on an equal footing, 
such things as fancy pants, horn music, and the 
dead deer’s “last bite”. I wonder if we on this side 
are quite ready to jell, but maybe someone should 
try. The pants should be a little less attractive to 
beggar ticks and hug-me-tights than the European 
variety.—C. H. D. CLARKE. 


A Field Study of the Timber Wolf (Canis lupus) on 
the Superior National Forest, Minnesota. By M. 
H. Stenlund. Minn. Department of Conservation, 
Tech. Bull. No. 4, 55pp., 1955. 


Since the publication of Adolph Murie’s outstand- 
ing paper of 1944, relatively little progress has been 
made in over-all ecological fact finding on this inter- 
esting carnivore. Stenlund’s study is certainly one 
good step ahead. He ably describes the interrela- 
tionships between the timber wolf and its environ- 
ment, including prey animals. He compares the 
availability of these prey animals with utilization by 
wolves and comes to the conclusion that deer are the 
mainstay during all seasons of the year. The take 
of snowshoe hare and ruffed grouse remained inci- 
dental even when both species were available in 
ample quantities. 

Concentrations of wolf and deer populations oc- 
cur concurrently in a cutover area, where there are 
large quantities of browse available to deer. 
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Population data presented include home 
aerial observation and density estimates On 
data were collected in the study area on deat 
litter sizes, weights and measurements, pack ie 
travel and hunting habits, diseases and paras 
and sex ratio. 

Here and there findings are not too ¢ 
stantiated. The reviewer would like to haye seen a 
more detailed explanation as to why it is hej : 
that certain packs seen in consecutive years 
thought to be the same. In Canada there does not 
seem to be much evidence of wolves learning tp 
avoid open lakes upon approach of airplanes, 

On page 32 the author states that to all appear. 
ances, the only important decimating factor is man, 
However, on page 35 evidence is presented, q 
other workers, that disease may be significant jg 
population control. However, these are minor cgi, 
cisms. In general, the study is well organized and 
presents much useful material.—ANTOON pE Vos, 


The Mammals of Shenandoah National Park. By 
Richard H. Manville. Bulletin No. 2. Shenap 
doah Natural History Association, Shenandogh 
National Park, Luray, Va. 69pp., 50 photos 

1956. $1.00. 


This attractive and popular booklet has marked 
educational value for laymen in the Shenandogh 
region and has some reference value for mamma 
ogists. It begins with brief general sections: “What 
is a Mammal?” “Habits of Mammals,” and “The 
Value of Mammals.” The next section is a short but 
useful summary of the “Recent History of Shenan 
doah Mammals.” Species accounts comprise mos 
of the bulletin. They contain short popular de 
scriptions and general information on natural history 
and status or records in the park. Numerous phot» 
graphs, most of them good to excellent, help the © 
bulletin serve as a field guide. A four-page check 
list by Paul G. Favour, Jr. summarizes data 
status and distribution of mammals in the pak” 
through May 1955. The bulletin generally is well” 
written and well edited, but since it is intended 
chiefly for the public we hope that future editions 
will not continue the statement that “The Boscator 
Wixpvcar is really an overgrown house cat....” 

Most mammals seem to be thriving under patk 
conditions, but beavers, when reintroduced, soon” 
ranged out of the park and were eliminated be 
cause they damaged trees. The park, only one tote ~ 
miles wide and flanked by cropland, simply could 4 
not hold beavers away from trouble. Bears, on the 7 
other hand, have increased. The question of puma” 
occurzence, a hot problem in several eastern states 
is equally unsettled in the park; there are si 
cant recent records of pumas, but concrete proof 
still needed. -WM. H. Sticke . 
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